A quantitative study of the aminolysis of alkoxy and alkythiopyrimidines by Foster, Roy Vivian
A QUANTITATIVE STUDY OF THE AMI OLYSIS OF ALKOXY 
AND ALKYLTHIOPYRIMIDINES. 
a thesis 
submitted for the 
Degree of Doctor of Philosophy 
in the 
Australian National University 
by 
Roy Vivian Fos ter 
Department of Medical Chemistry 
John Curtin School of Medical Research 
Australian National University 
June, 1966 
i 
CONTENTS. 
Certific ate of Origina lity. 
Acknowledgements . 
Nomenclature. 
Summary . 
A INTRODUCTION 
(1 ) The Formation of Aminopy rimidines. 
(2 ) 
(3 ) 
( 4) 
Rationale for the Study of the Aminolysis 
of Alkoxy - and Alkyltb i o - pyrimidines. 
The Mechanism of Heter~romatic 
Nucleophilic Substitution . 
The Mechanism of Aminolysis of Alkoxy-
and lkylthio - pyrimidines . 
B RESULTS AND DISCUSSION 
(3 ) 
(4 ) 
( 5 ) 
Preamble . 
The Thermal Isomerisation of 
Alkoxypy rimidines . 
Aminolysis of Simple Alkoxy- a nd 
Alkylthio - pyrimidines . 
The Effects of uclear Substituents . 
Ionisation Constants and Spectra . 
C EXPERIMENTAL 
Introduction . 
Determination of Physical Constants . 
Qaali ty and Preparation of Amines . 
4 ) Preparation of Pyrimidines . 
( a ) 
(b ) 
( c ) 
Alkoxy- and Alkylthio-pyrimidines . 
lkylaminopyrimidines . 
-Alkyl-2 - (or 4)oxopyrimidin s . 
Page 
iii 
iv 
v 
vi 
8 
9 
15 
18 
20 
37 
55 
67 
84 
85 
86 
87 
97 
102 
( 5 ) 
( 6 ) 
REFERENCES 
APPE DIX 
ii 
Measurement of Reaction Rates . 
Reactions with t - Butylamine . 
1 • 
2 . 
J . 
Index of Preparations. 
Spectral Curves . 
Publications . 
108 
11 4 
115 
viii 
xi 
xxi 
iii 
The work described in this thesis was carried 
out by the candidate at the Australian National University . 
Where the work of others was em loy ed, appropriate 
references have been given. 
iv 
ACKNOWLEDGEME TS . 
The author wishes to express his indebtedness 
to Professor A . Albert (Head of the Department of Medical 
Ch emistry) for his personal interest in the work described, 
and to Dr . D . J . Brown (Reader in Medical Chemistry) for 
his most helpful e n couragement , advice , and supervision . 
Grateful acknowledgement is a l so made to the 
Australian ational University for the award of a 
scholarship . 
Finall y, the author wishes to express his gratitude 
to Miss p . J . Cope , who typed this thesis . 
v 
NOME CLATURE . 
The pyrimidine molecule is numbered as shown. 
4 
5~3 6~,J2 
1 
The nomenclature defined by the International 
* Union of Pure and Applied Chemistry , in which all 
substituents are written in alphabetical order as 
prefixes to the parent name, has been adopted in this 
work. 
Those compounds which bear a potentially tautomeric 
substituent in the 2 , 4, or 6 positions have been named , 
for convenienc e , hydroxy, mercapto, or amino derivatives 
of pyrimidine. This does not in any way exc lude the 
possibility that such compounds may exist in another 
tautom ric form, nor is it to be inferred that the 
particular form named is predominant . 
Wh re trivial nam s have been used, the structure 
of the compound has been illustrated in the te t. 
* The Ch mical Society , ItHandbook for Ch mical Society 
Authors It , London, 1961. 
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SUMMARY 
- ----
The work described in this thesis covers the study 
of the reactions of a number of alkoxy - and alkylthio-
pyrimidines ( 1 mole of each) with butylamine ( generally 2 
mOles ) in the absence of added solvent. The relative ease 
of replacement of alkoxy and alkylthio groups under these 
conditions was investigated, and it was generally found that 
the alkoxy functions were more labile than the corresponding 
sulphur isologues . The effect of other nuclear substituents 
on this aminolysis reaction was also observed; electron 
donating groups generally were found to retard the reaction, 
whereas electron withdrawing groups caused an increase in the 
rate. 
For all practical purposes , these reactions appa rently 
followed first - order kinetics, although theoretically, second-
order kinetics would be expected . However, from a cursory 
examination of the reaction rates using second-order kinetics, 
it is evident that no advantage would be gained from this 
treatment. 
Alkoxypyrimidines were also shown to undergo a 
simultaneous first-order rearrangement to _ -allql-oxopyrimidines 
in the p esence of the amine used to displace the alkoxy group . 
Further e periments using tertiary bases showed that this 
isomerisation was catalysed by organic bases , and an atte~pt 
is made to explain the mechanism of this reaction. 
Most of the reactions were followed spectropboto-
metrically, and the spectra, together with the ionisationJ 
constants of all the compounds used , are recorded . However, 
vii 
the reactions of 4-methoxypyrimidine wer e followed by 
vapour phase chromatography . 
A. INTRODUCTION 
(1) THE FORMATION OF AMINOPYRIMIDINES. 
Aminopyrimidines are compounds of diverse 
biological interest. Several such compounds , such as 
cytosine (I), and divicine (II), occur naturally, and 
aminopyrimidines a lso result from the degradation of 
other naturally occurring fused ring systems, such as 
pteridines a nd purineso Aminopyrimidines are also 
important as forming the basis of a number of useful drugs; 
for example, Pyrimethamine or 2,4-diamino-6-ethyl-5-p-
chlorophenylpyrimidine (III ) is a well known anti-malarial 
drug (Russell and Hitchings, 1951), and several 
2-arylsulphonamidopyrimidines, such as Sulphadimidine or 
2-p-aminobenzenesulphonamido-4,6-dimethylpyrimidine (IV) 
are used as b ac teriostats (Bliss and Deitz, 1944 ). 
A number of routes may be used to synthesise 
aminopyrimidines. Primary amino groups appear in positions 
2 and 4 (or 6) when suitable starting materials are employed 
in a Primary Synthesis; for example, guanidine and ethyl 
formylmethoxyacetate yield 2-amino-4-hydroxy-5-
methoxypyrimidine (V) (Falco, Russell, and Hitchings, 1951). 
However, this method is of little use in the preparation of 
pyrimidines bearing a secondary amino function, although it 
has limited application in the formation of pyrimidines 
with a t rtiary amino group in the 2-position. Such 
compounds are more usually prepared by nucleophilic 
2 
displacement of suitable groups by the requisite amine . 
The most convenient procedure for the preparation 
of amino derivatives of heterocyclic systems in general , 
and of pyrimidines in particular, is the treatment of the 
corresponding halogeno compounds with appropriate amines . 
Thus 2-methylaminopyrimidine is readily prepared from 
2-chloropyrimidine (Ov erberger and Kogon, 1954) , 4-
dimethylamino - 6-methylpyrimidine from 4-chloro-6-
methylpyrimidine (Pfleiderer and Mosthaf, 1957 ), and 
2-ethylamino-5-nitropyrimidine from the corresponding 
2-chloro compound (Waletzky , 1951). The kinetics and 
mechanism of this amination process have been studied 
(Chapman and Rees, 1954; Chapman and Russell-Hill, 1956 ), 
and a number of inferences have been drawn with respect, 
for example, to the order of the reaction, and differences 
in reactivity of the halogeno substituent with position. 
Aminopyrimidines have also been prepared by 
treatment of thio and alkylthio derivatives with amines . 
Thus hydroxypyrimidLnes bearing substituted- amino groups 
are prepared smoothly from the related alkylthio-hydroxy 
compounds (Johnson and Mackenzie, 1909 ). Again, using 
this approach, Carrington (1944) has converted several 
2,4-dithiobarbituric acids, e.g . (VI), into the corresponding 
4-amino-2-thio compounds, e.g . (VII). 
This reac t ion has been extensively studied by 
Russell , Elion, Falco, and Hitchings (194 9 ). They carried 
out th amination of a number of 2,4_dimercaptopyrimidines, 
(I ) 
(III) 
+ NH 
II 
C 
NH'/ " NH 2 2 
(VI ) 
J 
(II ) 
(IV ) 
(V) 
> 
(VII ) 
I 
--=c = 
4 
and showed that this occurred only at the 4-position. 
Substituents in the 5-position sometimes interfered with q~ 
reaction when using bulky primary amines , and entirely 
prevented it with secondary amines Q It was later shown 
(Brown, 1954) that a 5-amino group completely deactivated 
the 4-mercapto group so that no amination took place , 
even under drastic conditions, but on the other hand, a 
5-nitro group activated the nucleus to such an extent 
that with methylamine, only bis-methylaminopyrimidine could 
be isolated, even under very mild conditions . 
It is interesting to note that , apart from the 
special case mentioned above, no replacement of a 2 -
mercapto group has been observed . However , alkylthio 
groups in the 2-position are considerably more l abile 
towards aminolysis, and these have been used in the preparation 
of 2 , 4-bis-alkylaminopyrimidines (Hitchings and Russell , 
194 9 ) • 
Whilst the literature covering the aminolysis of 
alkylthiopyrimidines is quite extensive, there are a number 
of unexplained irregularities . Thus, a 4-hydroxy group 
has apparently activated a 2 - methylthio group in 4-hydroxy-
6-methyl-2-methylthiopyrimidine (VIII) which requires 
milder conditions than the corresponding 4 , 6-dimethyl-2 -
methylthiopyrimidine in reacting with aniline ( Curd and 
Rose, 1946). A similar anomaly was shown by 4 - hydroxy-
5 , 6-dimethyl-2-methylthiopyrimidine in its reaction with 
a number of dialkylaminoalkylamines, compared with the 
I 
5 
analogous 4-amino compound (Hull , Lovell , Openshaw, and 
Todd, 1947 ). 
Analogous substitution~of a sulphur function by 
an amino group have been demonstrated in related heterocyclic 
systems , including purines (Ikehara, Ueda , Horikawa , and 
Yamazaki, 1962 ) , pyrazolopyrimidines (Robins , Furcht, 
Grauer , and Jones , 1956 ), and triazolopyrimidines (Weiss , 
Robins, and Noell , 1960 ). 
Cleavage of heterocyclic ethers by nucleophilic 
agents has been described by several authors : thus 
potassium ~-aminobenzenesulphonamide reacts with 
methoxypyridazines (IX ) to yield the corresponding amides 
(X ) ( Kukolja , Crnic, and Kolbah , 1963 ). This illustrates 
a nucleophilic attac k at the heterocyclic ring , with 
consequent displacement of methoxyl . On the other hand , 
4 , 6 - dimethoxypyrimidine (XI ) reacts with sodium 
sulphanilamide to give the partly demethylated pyrimidine 
(XII ) and -1-methylsulphanilamide (Taft and Shepherd, 
19 62 ) . In this case, displacement of methyl has occurred, 
and the methoxypyrimidine has thus acted as a methylating 
agent. 
Ulbricht ( 196 1) has observed a sodium iodide 
mediat d cleavage of pyrimidine ethers in acetic acid at 
room temperature , and has proposed that such a reaction 
might be of importance in the chemical synthesis of 
nucleosides . Analogous ether cleavages have been 
demonstrat d for other alko ypyrimidines , and related 
6 
syste~s (Daniels, Grady, and Bauer, 196 5; Karmas and 
Spoerri, 1957). 
Aminolysis of ethers has been invlestigated 
over m~y years, but most of the work has been in the 
field of carbocyclic compounds. Thus Borsche (1923) 
studied the reactions of nitroanisoles and nitrodiphenyl 
ethers with a variety of amines, and this has been extended 
by Cahn (1931), by Borrows, Clayton, Hems, and Long (194 9 ), 
and more recently by Pietra (1965 ). The reaction of 
a lkoxypyrimidines with amines to yield the related amino 
compounds does not however find a very wide application , 
mainly because the halogenopyrimidines provide a more 
convenient route, and moreover, these are generally the 
precursors for the synthesis of the a lkoxypyrimidines 
themselves. However, replacement of the alkoxy group 
by an amino function has been utilised for such diverse 
preparations as 2-bydrazinopyrimidine from the corresponding 
methoxy compound (Chesterfield, McOmie, and Sayer, 1955 ), 
1-methy l cytosine (XIII) from 1,2_dihydro-4-methoxy-1-me thyl-
2-oxopyrimidine (Kenner, Reese, and Todd, 1955 ), isocytosine 
(XIV) from 2-ethoxy-4-hydroxypyrimidine (Hilbert and 
Jansen, 1 935 ), and 5-nitrocytosine from 4-ethoxy-2-hydroxy-
5-nitropyrimidine (Brown, 1959). Comparison of the 
conditions required in the last two examples illustrates 
the activation exerted by a nitro group , but no systematic 
study of this type of reaction has hitherto been undertaken. 
') 
(IX) 
A~ CHO~) 
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(2 ) RATI ONALE F OR THE STUDY OF THE AMIN OLYSIS OF ALKOXY 
AND ALKYLTHIO PYRIMIDINE S . 
Most workers who study nucleophilic displacement 
reactions in heterocyclic systems investigate the reactions 
of halogen compounds with a variety of nucleophiles . These 
reactions may readily be followed by measurement of the 
ionic h a lide formed (Chapman and co-wo rkers, 1954 , 1 956 ), 
or in some instances , of the residual nucleophile (Hill 
and Krause , 1964 ). 
Relatively few studies of nucleophilic displacement 
of thio - ethers of heterocycles have been conducted . Taft 
and Shepherd (1962 ) investigated semi- quanitatively the 
reactions of 4,6-bis - methylthiopyrimidine , and Cresswell 
and Strauss (1963 ) reported on the ease of displacement 
of the 2 - methylthio group in another series of pyrimidines. 
Later, McCormack and Mautner ( 1964 ) studied the kinetics of 
the replacement of the alkylthio group in the related 
2 - amino - 4-alkylthiopteridines (XV ) with a number of 
nucleophiles . These reactions were followed 
spectrophotometrically . 
The study of nucleophilic displac ment of alkoxy 
derivatives of heterocyclic compounds appears to h ave been 
almost entirely neglected . McCormack (1 964 ) studied some 
reactions of 2_amino_4 _methoxypterid ine with nucleophilic 
reagen ts as a direct compa rison with the reactions of the 
4 - methylthio anal ogue . Other workers have reported on 
9 
the replacement of alkoxy groups incidentally, during the 
course of a synthetic study , without presenting any kinetic 
data (Okuda and Kuniyoshi, 1962). 
In view of the lack of information on these two 
aspects of nucleophilic displacement in the pyrimidine 
series, a study of such reactions was undertaken to find 
the relative ease of replacement of various groups . Related 
studies have been conducted on the substitution of chlorine 
by a number of amines in several pyrimidine compounds 
(Brown and Lyall, 1964, 1965 ). These reactions were 
carried out in the absence of solvent, and the results 
obtained were used as a framework for the prediction of 
optimum conditions for such aminations. The present study 
with n-butylamine thus provides a natural development of 
the earlier work, by directing attention to the different 
leaving groups. In addition, further evidence has been 
gained for the activating and deactivating influences of 
other substituents in the molecules under investigation. 
For this r ason , it was decided to restrict the study to 
the pyrimidine series , without considering the additional 
complications due to annulation . 
(3) THE MECHANISM OF HETEROAR OMATIC NUCLEOPHILIC SUBSTITUTIO • 
Nucleophilic substitution in the aromatic series 
has been studied most successfully in the various derivatives 
10 
of nitrobenzene. The nitro group , by virtue of its 
electron-withdrawing capacity, significantly lowers the 
TI-electron density at the site of substitution, and thus 
nucleophilic attack in such compounds is greatly enhanced 
in comparison with the un-nitrated compound (Chapman , 1955). 
It should be emphasised that only nitro groups in the 
ortho and para positions are effective in this manner : 
a ~eta nitro group has little effect , as illustrated by 
the hydrolysis of 2 , 5-dimethoxynitrobenzene (XVI) to 
4-methoxy-2-nitrophenol (XVII) in ethanolic potassium 
hydroxide (Kauffmann a nd Fritz , 1 910). 
The nitrogen atoms in N- heteroaromatic compounds 
have a similar, though slightly weaker effect, and this 
constitutes the basis for analogies that have been drawn 
between nitrobenzene a nd pyridine , and between ~eta-
dinitrobenzene and pyrimidine (Taylor and Baker , 194 5 ). 
Thus the 2 (=6 ) and 4 positions in pyridine, and the 2 
and 4 (=6) positions in pyrimidine are the most electron 
deficient , a nd accordingly, the most susceptible to 
nucleophilic attacko The electron- density diagrams are 
illustrated for pyridine (XVIII) (Longuet-Higgins and 
Coulson, 194 7 , 194 9 ) a nd pyrimidine (XIX) (Davies , 1955). 
Reactions of ortho- or para-nitrobenzene derivatives 
with nucleophiles are generally first order with respect 
to reagent and substrate, and are bimolecular in accordance 
with the equation 
o N-C H - X + y-
264 
--~) 0 -C H -Y + X-
264 
11 
(XV) 
OCR J 
OR 
O2 OR 
O2 
> 
OCRJ 
OCRJ 
(XVI ) (XVII) 
+0. 18 +0.12 
0 +0 . 05 +0. oJ 0 -0.1 9 +0.15 +0 .12 
-0.5 8 -0.19 
(XVIII ) (XIX) 
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This reaction is formally similar to the 
SN2 mechanism of substitution at a saturated carbon 
atom , and may be considered to involve an intermediate 
of finite stability : 
x Y 
When the analogies between the nitro - activated 
aromatic systems above , and the aza - activated aromatic 
systems such as pyrimidines are considered , it may be 
stated that this structure represents the configuration 
of a transition state or an intermediate of finite 
stability in a heterocyc l ic system , even though the 
exact physical nature of the transition state may be 
uncertain (Illuminati , 1964) . 
This intermediate is frequently referred to 
2 
as a a - complex , and involves a transition from sp to 
sp3 hybridization 0 f the attacked car bon atom , with a 
resultant l oss of aromaticity . In this respect , 
nucleophilic heteroaromatic substitution differs 
fundamentally from the S 2 mechanism of substitution at 
a saturated carbon atom . The overall reaction for a 
pyrimidine deriv ative may then be formulated as follows : 
13 
y ) 
Reactants Transition state Complex 
\ \. I 
/ 
Complex Transition state Products 
The potential energy diagram for this reaction sequence is 
shown as the solid line in figure I . 
E 
eactants 
Products 
Reaction co -ordinate 
Figure I 
A one-step mechanism of simultaneous b ond formation 
and fission has also been sugg sted (Chapman, 1955 ), and this 
is formulat d as follows : 
14 
(T eN Cjy ~NjlX+ Y ~ C,-;ly ) + x " N X 
Reactants Transition state Products 
and the potential energy curve for this sequence follows 
the dotted line in figure I. 
However, it has been shown (Bunnet t and 
Zahler, 195 1) that this one-step mechanism, in the 
benzenoid series at least , is quantum mechanically 
improbable, and Bunnett (1958) has adduced some important 
evidence in favour of the two -s tep intermediate complex 
mechanism. Whilst this evidence is confined to highly 
nitro-activated carbo.cyclic compounds, it should not be 
unreasonable to expect that analogous aza-activated 
heterocyclic compounds would show a similar tendency to 
form meta-stable a-complexes. 
Illuminati (1964) points out that for practical 
purposes, the two mechanisms are kinetically indistinguishable, 
and the final state of the equilibrium need not necessarily 
be an intermediate of finite stability , provided that the 
structure of the transition state in the rate-determining 
step is closely similar to that of the a-complex. 
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(4) THE MECHANISM OF AMINOLYSIS OF ALKOXY AND 
ALKYLTHIOPYRIMIDINES. 
It has long been known that ortho and para-
nitrated anisoles and phenetoles react with ammonia and 
amines to give the corresponding aniline derivatives, 
the reaction being more rapid the greater the number 
of activating nitro groups (Salkowski, 1874 ). Again , 
2 ,4-dinitroanisole readily reacts with molten urea to 
give 2,4-dinitroaniline (Lavrischev , Plakidin , and 
Kretov, 1960 ). 
The hetero-ni trogen atom in pyridine is an 
activating structure almost as strong as the nitro group 
in the benzenoid series (Chapman and Russell-Hill, 1956). 
The positions alpha and gamma to the nitrogen atom are 
the most strongly activated , corresponding to the ortho 
and Eara positions in nitrobenzene derivatives. Hence 
the two nitrogen atoms in the pyrimidine nucleus 
reinforce each other, and as stated above , the 2 and 4 
(= 6 ) positions are particularly active . 
Chapman and R ees (1954) have amply demonstrated 
the analogy between exocyclic nitro groups and heterocyclic 
nitrogen atoms by a consideration of the similarity of 
reaction parameters for structurally analogous compounds. 
Thus it should be quite legitimate to extend to the 
pyrimidine series any mechanistic theories that have 
been suggested for the nitro-activated benzene series . 
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Foster and Mackie (1962) have investigated 
a number of reactions of polynitrobenzene compounds 
with ammonia and amines, and have presented spectroscopic 
evidence for the formation of ct-complexes such as : 
X NHR 
N02 
which they showed are formally similar to the complexes 
formed in the Janovsky reaction between nitro compounds 
and ketones in the presence of strong aqueous alkali: 
.j: 
Barber , Wilkinson , and Edwards (1947 ) have 
suggested the formation of a transition state for the 
aminolysis of 9-alkoxyacridines, which is analogous to 
the formation of amidines from imino-ethers : 
17 
Recently, Bunnett and Garst (1965) have demonstrated 
the existence of an intermediate complex in the aminolysis of 
2,4-dinitrophenyl phenyl ether with piperidine. 
Thus the aminolysis of a 2-alkoxypyrimidine may 
best be formulated as follows: 
ROH + 
1 
C~ ~HR ' 
An adequate description of the fast proton transfer in the 
intermediate is uncertain, because of the speed of such a 
reaction. The same mechanism may be put for ard for the 
aminolysis of alkylthiopyrimidines . 
In accordance with this postulate , the bimolecular 
aminolyses of alkoxy and alkylthiopyrimidines should be amenable 
to treatment by second order kinetics, and in some circumstances, 
when the a mine is also used as a s olvent for the reaction, 
classical pseudo-first-order treatment is applicable. 
18 
B. RESULTS AND DISCUSSION. 
( 1 ) PREAMBLE. 
The emphasis in the present study has been on 
both the nature of the leaving group, and on the influence 
exerted by other substituents in the pyrimidine nucleusg 
Thus the effectiveness of alkylthio substituents as leaving 
groups was compared under identical conditions with that of 
corresponding alkoxy substituents, and the effect of the 
electron-donating methyl group contrasted with the activation 
prod uced by such powerfully electron-withdrawing substituents 
as bromine and the nitro groupo 
In addition, differences in reactivity of groups 
in the several ring-positions of pyrimidine were examined. 
Whilst some workers have stated that a 2-substituent is more 
reactive than a 4-substituent (Kober and Ratz, 1962) , others 
have considered the reactivity at both positions to be equal 
(Kenner and Todd, 1957; Katritzky and Lagowski1 1960). 
However, it is generally accepted that a 4-substituent is 
the mor reactive (Heitmeier, Spinner, and Gray, 1961). 
This contention is supported by the work of Chapman and Rees 
( 1954 ) , who showed that piperidino- and morpholino-dechlorinations 
of 2-alkyl-4-chloropyrimidines were associated with activation 
energies about 2 Kcal . less than similar reactions of 
4 - alkyl-2-chloropyrimidines, and also that the 4_chloropyrimidines 
reacted faster than the 2-chloro isomers at the temperatures 
studied . 
19 
This greater reactivity at the 4-position is 
postulated to be the result of small differences in transition 
state energy. In cases where comparable data are available , 
the activation energy for nucleophilic substitution by anions 
such as methoxide is greater than that for neutral species 
such as piperidine (Reinheimer, Taylor, and Rohrbaugh, 1961)Q 
It is to be expected that the effect of electron repulsion 
will be greater for an anion possessing several lone pairs 
of electrons, such as CHJ 9.:-, than for a neutral nucleophile, 
such as R-H 2N:. The reactive positions in the pyrimidine 
nucleus are either between two high electron-density centres, 
in the 2-position , or opposite one and adjacent to the other, 
in the 4-position. Thus it is postulated that the electron 
repulsion between the nucleophile and the high electron-
density ring nitrogen atoms favours reaction at the 4-position, 
since the activation energy is least for transition states 
in which the electron rich centres of nucleophile and substrate 
are furthest apart (Shepherd and Fedrick , 1965 a ). 
Relative reactivity will vary with the temperature 
chosen for comparison, unless the temperature coefficients 
are equal. This temperature coefficient is the slope of the 
plot relating the reaction rates with temperature . If the 
energies of activation of two related substances are 
different, the lines will not be parallel, but will intersect 
at a point corresponding to the isokinetic temperature 
(Bunnett , 19 6 1 a ) , which is a point of inversion of relative 
20 
reactivities in a series. Thus the slower reaction below 
the isokinetic temperature will be the faster one above it, 
and vice versa. 
In following the aminolysis of a lkoxypyrimidines , 
it was found necessary to take another factor into considera tion. 
At the elevated temperatures at which nucleophilic displacement 
of the methoxyl group by butylamine occurred, a competing 
isomerisation reaction also took place. It is necessary to 
discuss this aspect initially, in order that proper allowance 
may be made for this isomerisation during the later discussion 
of the aminolysis reaction. 
( 2 ) THE THERMAL ISOMERISATIO OF ALKOXYPYRIMIDINES. 
It has long been known that alkoxypyrimidines 
isomerise on heating, to give rise to the corresponding 
_-alkylated oxopyrimidines. This was first noted by Johnson 
and Hilbert (1929) who showed that when 2,4-dimethoxypyrimidine 
(XX) was heat d above its boiling point, it isomerised to give 
eventually 1,3-dimethyluracil (XXI). A similar r arrangement 
also occurs when the methoxypyrimidine is treated with methyl 
iodide (Rabinowitz and Gurin, 1953 ), preferably in the 
presence of pyridine, but this was shown to involve a 
transalkylation mechanism , pr sumably by way of a quaternary 
salt . This type of reaction has b en extensively used in the 
21 
synthesis of nucleosides. 
In the simplest cases, 2- and 4-methoxypyrimidines 
isomerise to give 1,2-dihydro-1-methyl-2-oxopyrimidine (XXII) 
and 1,6-dihydro-1-methyl-6-oxopyrimidine (XXIII) respectively 
(Brown, Hoerger, and Mason, 1955). Alkylation on carbon 
has never been observed, and in all known pyrimidine cases 
(Brown, 1962 a) the a lkyl group has only been shown to migrate 
to the alph~-nitrogen atom, and never to a gamma-nitrogen , 
although such gamma-migration has been observed in other 
series, as for example in the formation of 1,4-dihydro-1-
methyl-4-oxopyridine (~V) from 4-methoxypyridine (Haitinger 
and Lieben, 1885), and the isomerisation of 4-methoxy-2-
methylquinoline (XXV) into 1,4-dihydro-1,2-dimethyl-4-
oxoquinoline (XXVI) ( Conrad a nd Limpach , 18 87). 
During the course of the present study of 
butylaminolysis of methoxypyrimidines , it was observed that 
the aminolysis was accompanied by a disproportionately large 
amount of isomerism, readily discernible in the case of 
2-methoxypyrimidine since the product of isomerisation was 
the only solid in the reaction mixture. It was thus 
evident that the presence of the organic base was exerting 
an accelerating influence on the rearrangement . Accordingly, 
the thermal isomerisation of alkoxypyrimidines was investigated 
in the presence of a number of trialkylamines . Tertiary 
bases were chosen for this purpose in order to avoid 
competition from the aminolysis reaction . 
The starting materials for these studies were made 
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by known methods, or adaptations of them. 2-Alkoxypyrimidines 
were prepared from 2-chloropyrimidine (Kogon, Minin, and 
Overberger, 1955) with the appropriate sodium alkoxide , 
according to the method given by Boarland and McOmie (1 952 ) 
for 2-methoxypyrimidine, and 4-methoxypyrimidine was made 
by the method given by Brown and Short (1953 ). Authentic 
samples of the corresponding ~-alkyl-oxopyrimidines were 
obtained in two ways~ by alkyla tion of 2-hydroxypyrimidine 
with an alkyl iodide in ethanolic sodium ethoxide, or by 
primary synthesis from the appropriate - alkylurea and the 
diacetal (XXVII) of malondialdehyde . Methylation of 
4-hydroxypyrimidine in methanolic sodium methoxide with 
dimethyl sulphate (HUnig and Oette , 196 1) gave 1,6-dihydro-
1-methyl-6-oxopyrimidine, and not the 1-methyl-4 -oxo isomer 
as the authors claimed. 
Methylation of 2-hydroxy-4-methylpyrimidine 
hydrochloride with methyl iodide in ethanolic sodium 
ethoxide gave a single product to which was assigned the 
structure 1,2_dihydro-1,4-dimethyl-2-oXopyrimidine (XXVIII) 
on th basis of its N.M.R . spectrum. l{hilst alkylation 
at C-5 could not be excluded on theoretical grounds , doublets 
at 1J.78 and T2 . J7 were assigned to the 5- and 6-protons 
resp ctiv ly. In addition , the product was shown to differ 
from a sampl of 1, 6 _dihydro-1, 6-dimethyl-2 -oxoP rimidine 
(XXIX), prepar d unambiguously by Brown and Lee (196 6 ). 
Th progress of th isomerisation of 2-
f~ l~OCH 
(xx) 
eN NA 
tH3 
(XXII) 
(XXV) 
(XXVII) 
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alkoxypyrimidines could be conveniently followed by 
ultraviolet spectrophotometry at 265 m ~ , where the alkoxy 
compounds a bsorbed strongly but the ~-alkyl-oxopyrimidines 
had little absorption, and at 310 m~, where the reverse 
obtained (see spectral curves in the appendix ). On the 
other hand, this procedure could not be used in the case 
of 4-methoxypyrimidine, as there is insufficient separation 
between its absorption maxima and those of 1, 6 -dihydro- J-
methyl-6-oxopyrimidine . The disappearance of the methoxy 
compound was however readily followed by vapour phase 
chromatography. 
The first-order rate constants for the isomerisation 
of 2- and 4-methoxypyrimidine in the presence of a number 
of tertiary amines are recorded in Table 1. It may be seen 
that the r arrangement was noticeably catalysed by the organic 
bases, and these were effective in the order of their basic 
strengths. Thus, in the presence of -ethylmorpholine , 
pK
a 
7.7, a 4-fold increase in the rate of isomerisation of 
2-methoxypyrimidine was observed; -methylpip ridine, 
pJ 10.1, caused a 12-fold increase, and triethylamine, 
a 
o 
pK 10.6, caused a 13-fold increase at 150 • 
a 
Similar 
enhancement was obser ed at higher temperatures . 
In the same way, in the case of 4-methoxypyrimidine, 
NN-dimethylanilin , pIa 5.1, caused an increase of 60% in the 
rate, ~_p ntylmorpholine, pIa 7.7, caused a 100~ increase, 
and triethylamine produc d a 9-fold increase. It is also 
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TABLE 1. 
RATE CONSTANTS FOR THE THERMAL ISOMERISATIO OF 2 AND 
4-METHOXYPYRIMIDINES 
Catalyst 
( 5 -molar proportion) 
2-Methoxypyrimidine. 
None (Neat ) 
None (In cyclohexane) 
None (In methanol) 
None (Neat ) 
~-Ethylmorpholine 
~-Methylpiperidine 
Triethylamine 
Triethylamine 
Triethylamine 
(0.5 molar proportion) 
Tri e thy lamine 
150 
150 
150 
200 
150 
150 
130 
150 
150 
200 
4-Methoxypyrimidine. 
None (In cyclohexane) 
None (In cyclohexane) 
~-Dimethylaniline 
__ -Dimethylaniline 
_-Pentylmorpholine 
~-Pentylm rpholine 
Triethylamine 
Triethylamin 
150 
170 
150 
150 
170 
150 
3.5 
3.7 
4.7 
27 
13 
41 
9.7 
45 
55 
300 
6.8 
11 • 1 
13.0 
40.5 
59 
91 
23 
21.7 
2 .0 
1. 8 
1.5 
0.3 
11.8 
7.0 
4.8 
6 .2 
2.0 
1.4 
0.9 
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apparent, from a consideration of the tabulated values , 
that 4-methoxypyrimidine undergoes the rearrangement 
somewhat faster than does the 2-methoxy compound. 
That the observed enhancement of the reaction 
rate for the isomerisation was effected by a change in 
the dielectric constant of the solvent , i.e . the amine, 
was discounted on the f ollowing grounds. There is a 
negligible difference between the dielectric constants 
at 25 0 of cyclohexane ( 2 . 0) and triethylamine (2 .4) 
(Ma rryott and Smith , 1951), such low values arising from 
the symmetry of the molecules. It is not possible to 
ascertain the values at the temperature of the reaction, 
but there is no evidence to suggest that they would differ 
greatly from each other at elevated temperatures . On the 
other hand, the polar solvent methanol has a dielectric 
o 
constant of 32 . 6 at 25 , but whereas triethylamine has the 
greatest accelerating effect on the rearrangement of 
2-methoxypyrimidine , there is no significant difference 
between the isomerisation rates either in cyclohexane or 
in methanol as compared with the undiluted compound. In 
one instance , when the molar ratiO of base to pyrimidine 
was decreased from 5 . 0 to 0.5 , this was a cc ompanied by a 
small increase in the rate . In the light of the foregoing 
argument, it is possible that this is due to a concentration 
effect on the linetics9 but this is by no means certain. 
The rearrangements , whether base-catalysed or 
not, follow d first-order kinetics , at least as far as 
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the first half-lifeu Typical plots for the isomerisation 
of 2-methoxypyrimidine alone , and with added ~-ethylmorpholine, 
and with triethylamine are illustrated in Figure 2- In 
the later stages of the reaction, the mixture became 
progressively darker, and this seriously interfered with 
the spectrometric readings , especially at longer wavelengths. 
When the higher homologues were heated alone at 
o temperatures up to 240 , there was no observable change in 
their spectra, and even in the presence of triethylamine , 
rearrangement proceded only very slowly (Table 2 ). A 
diminution in the absorption of the ethyl , isopropyl, and 
s -butyl homologues at 265 m~ was accompanied by an increase 
in absorption at 315 m~, diagnostic of the progress of the 
rearrangement , but it proved to be impossible to isolate 
the small quantities of the products from the reaction 
mixture. o change was observed in the spectra of 2-propoxy-
and 2_butoxy-pyrimidines after heating them for 68 hours at 
240 0 in the presence of triethylaminee Following this 
trend, it was predicted that 2_isobutoxypyrimidine would 
also be stable, as the structure of the alkyl group is more 
like that of a straight chain , the branching not being alpha 
to the ether linkage. This prediction was justified, and 
the isobutyl compound was recovered unchanged after hea ting 
. t 240 0 for 68 hours. ~n the presenc of triethylamine a 
Unfortunately , it was not found possible to prepare 
2 - t-butoxypyrimidine for comparisone 
2-Phenoxy- and 2_~_tolyloXypyrimidine were 
0·4 
0·3 
-0 
c 
... 
~ 0·2 
-0 
.. 
c 
-...... 
Q) 
en 
0 
0·1 
6 12 18 
Time (Hours) 
Disappearance of 
o 
2-methoxypyrimidine at 150 : 
(a) no catalyst; (b) with N_ethylmorpholine; 
(c) with triethylamine. 
Figure 2 
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similarly recovered unaltered after heating them in the 
presence of triethylamine at 240 0 for 72 hours. 
The increased stability of the higher homologues 
towards thermal isomerisation does not appear to follow a 
logical sequence. Thus if a comparison is made with the 
relative reactivities of similar homologous series towards 
nucleophilic displacement, it is well known that the 
cumulative effect of added methyl group alpha to the reaction 
site gives rise to a decline in react ivity until a point is 
reached at whi"ch a change in mechanisrp, accompanied by an 
increase in reactivity occurs ( Ingold , 195J). In the 
present instance, lengthening of the alkyl chain causes 
a decrease in reactivity, and alpha branching appears to 
promote it slightly. The theoretical basis for this remains 
obscure at present. 
It has been demonstrated (Wib erg, Shryne, and 
Kintner, 1957) that the thermal isomerisation of 2-methoxypyridine 
to 1, 2-dihydro- 1-methyl-2-oxopyridine (XXX) occurs by an 
intermolecular free radical mechanism: addition of benzoyl 
peroxide greatly accelerated the rearrangement. In contrast, 
the addition of J% by weight of benzoyl peroxide to 
2-m ethoxypyrimidine (in the absence of tertiary base) 
caused only a slight increase in the rate, and conversely, 
the addition of J% by weight of £-benzoquinone ( a free 
radical scavenger ) did not diminish the rate of isomerisation. 
If either the peroxide or the quinone was a dded to 
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TABLE 2. 
RATE CONSTANTS FOR THE THERMAL ISOMERISATIO OF 2-
ALKOXYPYRIMIDINES IN THE PRESENCE OF A 5-MOLAR PROPORTION OF 
TRIETHYLAMINE. 
Alkyl Group Temp. k x 107 t o• 5 (days) (OC. ) (sec.- 1) 
Methyl 200 300 0.3 
Ethyl 240 1 80 
Propyl 240 0 -
Isopropyl 220 0.8 100 
Isopropyl 240 3.0 27 
Butyl 240 0 -
s-Butyl 220 4 0 0 20 
s-Butyl 240 9.0 9 
Isobutyl 240 0 -
Phenoxy 240 0 -
.E-Tolyloxy 240 0 -
2-Methoxy-4,6-
1.42 56.5 dimethyl 150 
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2-methoxypyrimidine in the presence of triethylamine, no 
significant alteration in the rate was observed (Table 3 ). 
It thus appears that a free radical mechanism for this 
rearrangement is to be excluded . 
TABLE 3. 
RATE CONSTANTS FOR THE THERMAL ISOMERISATION OF 2 -
METHOXYFYRIMIDINE. 
Catalyst and/or Additive Temp . k x 107 t o• 5 (days ) (OC. ) (sec.- 1 ) 
None 160 3.9 2 1 
None 200 27 .0 2 .9 
3% Benzoyl peroxide 160 5 .8 14 
3% Benzoyl peroxide 200 27.5 2.9 
3% .E-Benzoquinone 160 4.0 20 
3% E-B enzo qu inone 200 26 . 5 3.0 
Triethylamine (5 mOles) 160 6 1 1.3 
Triethylamine (5 mOles) + 
3% benzoyl peroxide 160 65 102 
Triethylamine (5 mOles) + 
3% .E-benzoquinone 160 65 1.2 
The preferred mechanism is by way of either an 
intra- or an inter-molecular nucleophilic attack. Whilst 
no dir ct evidence is available to indicate the one or the 
other, it is significant that in the pyrimidine series , all 
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known migrations occur to the alpha-nitrogen atom. In 
addition, a similar alpha migration in alkenyloxypyrimidines 
has been shown (Minnemeyer, Egger, Holland, and Tieckelmann, 
1961; Dinan, Minnemeyer, and Tieckelmann, 1963) to take 
place by an ortho-Claisen reaction, which is undoubtedly 
an intramolecular mechanism. This lends support to the 
suggestion that an anchimeric attack by the alpha-nitrogen 
atom takes place in a four centre intramolecular mechanism 
(XXXI), formally similar to one proposed (Cohen and Witkop, 
1964) for the thermal isomerisation of 2-methoxypyrroline 
(XXXII). 
In this instance, the electron-rich nitrogen acts 
as a nucleophile, and the slower isomerisation of the higher 
homologues would also point to this. Dinan and Tieckelmann 
(1964) reached a similar conclusion when they showed that 
rearrangement of 2-methoxypyridine-_-oxide into 1,2-dihydro-
l-methoxy-2-oxopyridine occurred faster than that of the 
corresponding ethoxy compound. 
The role of the tertiary base in these isomerisations 
may be envisaged as initiating a nucleophilic attack on the 
pyrimidine ring in a position beta to the ether group (XXXIII). 
This acts in a manner to assist the stabilisation of a 
transition state of lower energy possessing a para-quinoid 
structure, as compared with the transition state in the 
uncatalysed reaction, which cannot enter into similar 
resonance stabilised forms. 
JJ 
(XXVIII) (XXIX ) 
(XXX ) 
\ 
/ 
(XXXI ) 
) 
(XXXII ) 
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< ) 
(xxxnI) 
This is supported by the observations that the 
rate of isomerisation of 2-methoxy-4,6-dimethylpyrimidine 
is reduced by a factor of 30 as compared with 2-methoxypyrimidine, 
and that a r covery of 98% of 4_methoxy- 2 , 6 - dimethylpyrimidine 
was effected after heating in the presence of triethylamine 
o 
at 150 for 72 hours . It may be anticipated that the 
presence of the methyl groups , by virtue of their inductive 
effect , would lower the isomerisation rate, but not to such 
a great e tnt . It thus appears that the steric effect 
of the m thyl groups is of paramount importance in this 
instance . How ver, the obs rvation that 2-metho y-4-
m thylpyrimidine also isomerised in the presence of 
triethylamin very slowly, th rat being comparable with 
that of 2-m tho y-~. ,6-dim thylpyrimidine , is of considerable 
int r st , and this would sugg st that other factors, at 
pres nt unknown, affe t this r action (Brown and L e, 1966) . 
An appro imat ly lin ar correlation can be 
obs r d b tw n the ~ of th t rtiary bases and the 
a 
lo garithm of th rate constants : th pIa of th alko ypyrimidin 
its lf is us d for the un at lys d r arrang m nt (Figur 3). 
Thus n qu t·on of th form 
10-0 
8 -0 
6 -0 
4-0 
2 -0 
35 
0-6 0-8 1·0 1-2 
7 + log k 
Plot 0 flo g rat. con $ tan tag a In. t P Ka 0 ft. r t I a r y 
ba ••• for the th.rmal Isom.rllatlon of 
(a I 2 - m. tho x y P y rim I din. ° t 1 50° and 
(b I 4 - m. tho x y P Y rim I din. at 1 70°. 
Flgur.3 
log k = 
or log k = 
36 
B pK + 
a 
A 
B log K + 
a 
log A 
may be used to represent such a plotG This equation is of 
the same form as that of the BrUnsted Catalysis Law, and in 
particular, the phenomenon observed in the present study may 
be considered as an instance of the nucleophilic catalysis 
described by Bender and Turnquest (1957) and by Bruice and 
Schmir (1957). The low value of the slope of the plot 
(0.12) is indicative of a low degree of attachment of the 
tertiary base to the pyrimidine nucleus (Bunnett, 1961 b) . 
The pK of a tertiary base is a measure of its 
a 
ability to accept a proton . Conversely , in a restricted 
sense , it may be considered that the pK is a measure of 
a 
its ability to donate the lone pair of ele c trons on the 
nitro g en atom towards the formation of a c ovalent bond; 
in other words, it is c omparable with its nucleophilici ty . 
It is suggested that this is the theoretical ba is for the 
observation that the effectiveness of the tertiary bases 
in assisting the thermal isomerisation is in the order of 
their basic strengths. 
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.1M I OLYSIS OF SIMPLE ALKOXY - AND ALKYLTHIO PYRIMIDINES. 
Preparations of alkoxypyrimidines have already been 
described (Y.~o Section B 2) . Alkylation of 2-mercapto -
pyrimidine (Hunt, McOmie , and Sayer, 1959) with dimethyl 
sulphate or the appropriate a lkyl iodide in the presence of 
aqueous alkali yielded the 2 _ a lkylthiopyrimidines , and the 
4_alkylthiopyrimidines were similarly obtained from 4~mercapto­
pyrimidine (Armarego, 1965) and alkyl iodides in aqueous alkali . 
Authentic specimens of the required a lkylaminopyrimidines were 
obtained from the corresponding chloro compounds and alkyl -
amines . 
The amino lyses of most alkoxy- and alkylthio -
pyrimidines were again conveniently followed spectrophoto -
metrically. The derived 2 - and 4_butylaminopyrimidines as 
neutral molecul es in ethanol, or as cations in aqueous buffers 
possess negligible absorption at the wavelengths of maximum 
absorption 0 f their corresponding precursors in the same 
solvent, and ~ versa (see spectral curves in the appendix) . 
Where necessary, suitable corrections for minimal absorption 
could be applied . The disappearance of 4_methoxypyrimidine 
was again followed by vapour phase chromatography , but in 
thi s case, using duplicate runs, the appearance of 4-butyl-
amino pyrimidine could also be followed spectrophotometrically . 
All amino lyse s were carried out in the absence of 
so lvent, and in each case, approximate first-order kinetics 
were obs rved. A ratio of two moles 0 f butylamine to one 
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of the pyrimidine derivative was used, thus ensuring an 
excess of the amine in the reac tion mixture o Under thes e 
con di tions , the c l assical pseudo -first - order designation 
of such reactions is inappropriate, and accordingly , these 
reactions are described as apparent first-order. Indeed, 
it should be expected that second- order kinetics would be 
appli cable to these aminolyses, as they have been obse r ved 
for aminations of chloropyrimidines ( Chapman and Rees 1 1 954; 
Brown and Lyall, 1 965) 0 However, for al l practical purposes, 
these reactions may be regarded as of the first order o 
The observed apparent first-order rate constants 
for the butylaminolysis of a l koxypyrimidines are recorded in 
Tabl e 4, an d those for a l kylthiopyrimidines in Table 5. 
These con stants were ob tained by the graphical method, and 
were reproduc ible to within + 5%. Typical p lo ts are shown 
i n Figure L~, where each point has been obtained as the mean 
from two determinations . 
From a c onsideration of these tabulated values, it 
i s e vident that under the con ditions of these experiments , 
replacement of the a l koxy function proceeds appreciably 
faster than that of the corr espondin g a l kylthio group . This 
ease of replac ment of the a lkoxy grou p i s in accord with 
results obtained by McCormack (1964 ), who showed that 
2-amino _4_meth oxypteridine ( V) reacted more rapidl y with 
butylamine than did the corresponding 4-methylthio compound 
under ideal kinetic condition s o This may be rationali sed 
) 
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TABLE 4 . 
APPARENT FIRST-ORDER RATE CONSTANTS (k x 107 sec .-l ja FOR 
THE AMINOLYSIS OF 2- AND 4_ALKOXYPYRIMIDINES WITH BUTYLAMINE 
(2 moles). 
Reaction t emperat ure 
Pyrimidine 
1300 1 500 170
0 
2 - Methoxy 115 , 105 , ( 50 ) 313, 268 ( 50) 653 , .2Q.Q (50) 
2 -Ethoxy 37 . 5 (20) 71 ( 35) -
2-Pro poxy 
-
11 (15) 1 7 . 8 (15) 
2 - Isopropoxy 3.6 (10) 5 . 5 (10) 7 . 2 (10) 
2_Butoxy 
- -
31.5 (40) 
2 ... s-Buto xy - - 33.1 (50) 
2- Isobutoxy - 24 ( 30 ) 36 . 3 (30) 
4- Metho xy 1 240, 1 200 ( 75) 2630 , £i2Q (75) 7530, 7440 ( 75) 
b 826 , 1M ( 66) 1 940 ( 66) 4-Methoxy 2000 , -
4- Me thoxy c 1000, 940 ( 66 ) 
- -
a Where applicabl e , an appro _ imate correction for the 
simult aneous isomerisation r eaction is included in the 
underlined figures. The percentage reaction followed 
i s indicated in parenthesis . 
b With 5 mole s of butylamine . 
c With 10 mole s of butylamine . 
o 
TABLE 5. 
APPARENT FIRST-ORDER RATE CO STANTS (k x 107 sec 8~1) a FOR THE 
AMINOLYSIS OF 2- AND 4 -ALKYLTHIOPYRIMIDINES IVITH BUTYLAMINE 
( 2 moles). 
Reaction temperature 
Pyrimidine 
1500 1700 1900 
2-Methylthio 73 . 5 (25) 123 (50) 195 (50) 
2 - Ethylthio 25 . 6 (40) 47.4 (75) -
2-Isopropylthio 
- 29 0B (35) -
4-Methylthio 66 . 5 (20) 130 (30) 250 (50 ) 
4-Ethylthio 4 6 . 7 (40) 105 (75) -
a The percentage reaction followed is indicated in 
parenthesis . 
in the light of a statement by Baddeley (1950) that lithe 
oxygen atom releases electrons more readily in the direction 
of its covalent bonds than does the sulphur atom" . 
the contribution of the structures 
+ 
R-O=R 
Thus 
is of great r significance in ethers than in thioethers . 
In addition , Hughes and Thompson (1950) found that thioethers 
are generally cleaved very much less readily than the 
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corresponding oxygen analogues with both acidic and basic 
reagents. 
However, on other grounds , this lower reactivity 
of alkylthiopyrimidines in comparison with the alkoxy compounds 
is a reversal of what should be expected; sulphur is less 
electronegative than oxygen, and thus the alkylmercaptide 
ion should be a weaker base than the a lkoxide ion, and hence 
a better leaving group . Whilst the pyrimidine literature 
presents a somewhat confusing picture of the relative 
susceptibilities of a lkoxy and alkylthio substituents to 
nuc leophili c attack , there are some c lear examples in which 
an a lkylthio group is more readily removed than an alkoxy 
group . Thus 4,6-bismethylthiopyrimidine (XXXV) reacts more 
readily with sodium sulphanilamide than the corresponding 
dimethoxy analo gue (Taft and Shepherd , 1 962) . 
It was shown re cently ( Chu and Mautner, 1966) in a 
comparative study of the aminolysis of certain esters and 
thioesters that the r ates of reaction of choline isologues 
(XXXVI) ~th butylamine increased sharply from ester (X = 0) 
to thioester (X = S ). Connors and Bender (1961) observed a 
similar difference between the reaction of ethyl £-nitrobenzoate 
and the corresponding thioester, and stated that the "ethyl 
mercaptide ion is a relatively far better leaving group than 
ethoxide with respect to n-butylamine". However, it must be 
e mphasised that compari son of the results obtained in 
studies of nucleophilic displac ment reactions of alko y-
and alkylthio-pyrimidine s with those reported for esters and 
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thioesters of carboxylic acids should be made with some 
caution , as many factors such as solvent participation, and 
the nature of the nucleophile may make considerable differences 
to t h e course of the reaction . In addition, the present 
studies represent such a departure from the kinetically ideal 
conditions that phenomena that would otherwise be considered 
marginal, such as the viscosity effect and the dilution effect 
(Moelwyn-Hughes , 1947) may become of such importance that 
strict comparisons are no longer valid . 
In accordance with the results obtained for 
chloropyrimidines (Chapman and Rees, 1954; Brown and Lyall, 
1964, 1965) it was found that alkoxy and alkylthio groups 
in the 4-position are generally more readily displaced then 
those in the 2-position . An exception to this appears in 
the case of 4_methylthiopyrimidine , which at 150
0 
reacted 
marginally slower than the 2_methylthio isomer, although the 
reactivities reverted to the expected order at higher 
temperatures . The explanation of this is that the isokinetic 
temperature (Bunnett, 1961; Leffler, 1955) for this series 
lies within the temperature range of the study (Figure 5); in 
o 
the present instance , it is about 163 • 
The abnormally slow rate observed for the 
butylaminolysis of 2_isopropoxypyrimidine in comparison with 
that of the n-propyl isomer was unexpected . This might have 
been explained in terms of a steric effect in the transition 
state : 
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If this were the case , the aminolysis of 2 _ s _butoxypyrimidine 
would also be expected to proceed at a s lower rate than 
either the n-butyl or the isobutyl isomers. However, the 
rates for each isomer were of the same order, and the steric 
effect appears to be minimal. On the other hand, lito be 
an e ffective leaving group , a substituent should be bound 
to the carbon atom with a relatively weak bond. A ne gative 
correlation exists between the basicities and the 'departing 
tendencies! of substituents . The less basic the substituent , 
the more easily it is pulled off by solvent or pushed off 
by an attacking nucleophile" (Gould, 1962). 
Hine and Hine (1952) have compi led a table of the 
relative acidities of alcohols (Table 6), from which it may 
be seen that methanol is the most acidic, and hence the 
least basic
1 
and isopropanol, by definition, the most basic 
a lcohol. It is of interest to observe that the order of 
these acidities is the same as that of the relative ease 
of displacement of the alkoxy group by butylamine in the 
present study, and the apparent anomaly of 2-isopropoxy-
pyrimidine may be resolved in the light of this. 
Th butyl aminolysis of 4_methoxypyrimidine 
demonstrat d an unusual phenomenon: the reaction commenced 
46 
TABLE 6. 
RELATIVE ACIDITIES OF ALCOHOLS I ISOPROPYL ALCOHOL. 
Alcoho1 
Isopropyl 
t-Butyl 
s-Butyl -
n-Propyl 
I s obutyl 
n-Butyl 
Ethyl 
(Water) 
Methyl 
Defini tion 0 f K : 
e 
K = 
e 
Acidity, K 
e 
0.076 (fixed by definition) 
Oe 2 
0.2 
0 . 5 
OQ5 
0.6 
0 . 95 
1.20 
4 p o 
slowly and became somewhat faster . Thus the rate plot did 
not b come rectilinear until the reaction had proceded to 
about 25 % completion . Typical plots are shown in Figure 6 . 
IVhilst it mi ght be considered that the liberated methanol 
was taking an active role in a transition state, a further 
e perim nt was conducted in which J % by wei ght of methanol 
was added to the initial reaction mi ture : this quantity 
corresponds with that formed after 25 % reaction . However, 
the plot was unaltered , and an identical rate was obtained . 
The ratio of butylamine to pyrimidine was increased 
from 2 : 1 to 5:1 and again to 10:1, but the overall effect 
[8 
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was only to slow the reaction without effecting any a lteration 
to the shape of the plot . In all cases , the rate plots for 
the appearance of 4 _butylaminopyrimidine showed the same 
characteristics. 
Hexylamine was employed as the nucleophile in a 
limited series of experiments , and the apparent first-order 
rate constants for its reactions with 2 -methoxy- and 
~ 
2_methylthio-pyrimidines are givenATable 7 . It was shown 
in the study of aminations of chloropyrimidines (Brown and 
Lyall~ 1964) that hexylamine reacted somewhat slower than 
butylamine , and this l ower reactivity is refle c ted in the 
rate of its reaction with 2 _methylthiopyrimidine. However , 
the aminolysis of the methoxy compound with hexylamine 
proceded only half as fast as with butyl amine , and the 
reason for this is not c l ear . There are a number of examples 
in the l iterature of anomalies in the relative rates of 
reactions within a series of a lkyl compounds , and rarely 
can such reaction rates be c orrelated with the length of 
the alkyl chain. Indeed , whilst Crowell (1 953) found 
simi l ar reactivities for the reac t ions of a series of alkyl 
bromides with thiocyanate ion , Kirrmann and Delpuech (1 9 6 3) 
found distinctly different reactivities for the alkaline 
hydrolyses of the same bromides . So far , no really 
satisfactory 
p l anation has been advanced to account for 
s u c h anomalies . 
As stated above , second order kinetic s should be 
TABLE 7. 
APPARENT FIRST- ORDER RATE CONSTANTS (k x 107 sec . -l)a FOR 
THE AMINOLYSIS OF 2 - METHOXY- AND 2-METHYLTHIO - PYRIMIDI ES 
iHTH HEXYLAMINE ( 2 mo l e s ) . 
Reaction temperature 
Pyrimidine 1 300 1500 1700 1900 
2-Methoxy 69 . 5 (50) 154 (75) 389 (75) -
59 . 8 109 276 
2-Methylthio - 68.0 (50) 118 (75) 182 (75) 
a Approximate corrections for the simul taneous rearrangement 
reaction are inc luded in the underl ined figures . The 
percentage reaction followed is indicated in parenthesis . 
expected for these aminolyses . The reaction of an amine with 
an alkoxy- or alkylthio - pyrimidine is one in which 
stoichiometrically one mole of each reactant takes part . 
Thus the rate equation is of the form 
dx/dt = k2 (a - x)(b - x) 
where x is the concentration 0 f the product of the reaction, 
a is the initial concentration of the pyrimidine ether, and 
b is that of t h e amine . 
b com s 
1<2 = 1 
b a 
The integrated rate equation thus 
a (b - x) 
b ( a - x) 
1 
t 
The second-order rate constants were calculated 
graphi cally for the butylaminolysis of 2 -methoxypyrimidine 
and of 4-methylthiopyrimidine, and are recorded in Table 8. 
The concentrations of the reactants in moles per litre which 
were required for these cal'culations were determined by 
measuring the densities of mixtures containing appropriate 
ratios of pyrimidine ~nd butylamine. 
TABLE 8. 
( 6 -1 -l)a SECO D-ORDER RATE CO STANTS k2 x 10 1. mol . sec . 
FOR THE AMINOLYSIS OF 2-METHOXY - AN D 4-METHYLTHIO-PYRIMIDINES 
WITH BUTYLAMINE (2 moles). 
Pyrimidine Reaction temperature 
(mOles/litre) 
1300 1500 1700 190
0 
2-Methoxy 1078 5 .33 9 . 52 -
(30lj·) (10 98) (5.39) (11. 2) -
4-Methylthio 
-
1.00 2 . 01 4 . 41 
(3.30) - (1.18 ) ( 2 030) (4.43) 
a The rate constants in parentheses are derived from 
the c orresponding apparent first-order constants . 
It is apparent that the u sual method for converting 
pseudo first-order constants to second-order constants, 
n me ly by dividing the former by the c oncentration 0 f the 
r actant present in excess , is inapplicable in the present 
study, b caus the amine is not sufficiently in excess. 
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However, by equating the expressions for the half-
life times in first-order reactions 
= 
log 2 
e 
and in second-order reactions, when b = 2a, and x = a/2 
= 
gives 
= 
log 
e 
log 1 .. 5 
e 
log 2 
e 
3 
2 
= 
a 
Second-order constants calculated from this expression, 
using the first-order constants in Tables 3 and 4 show reasonable 
agreement with those obtained graphically, as seen "from the 
figures in parentheses in Table 8 0 The figures given for 
2_methoxypyrimidine have not been corrected for the 
concomitant isomerisatlon reaction? since this is ~ priori 
a first order reaction .. 
There appears to be little benefit to be gained 
from this treatment of the aminolysis reactions, and for all 
practical purposes, they may be considered and treated as 
apparent first-order reactions. 
The reaction of t_butylamine with both 2 - and 
lj"-me thoxypyrimidine was in tere sting. It had been anticipated 
that aminolysis by this amine would proceed considerably more 
s lowly than with the n-isomer . Brady and Cropper (1950) had 
investigated the reactions of 2,4_dinitrochlorobenzene with 
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a number of amines, and had found that the second-order 
rate constants for n-butylamine and t-butylamine were in 
the ratio of 263:1. They interpreted their results in 
terms of the stereochemistry of the amines used: thus, 
assuming free rotation about the carbon-nitrogen bond, a 
study of the conformations of n-butylamine (XXXVII) and 
t-butylamine (XXXVIII) shows that in the latter case, there 
is a permanent steric interference by a methyl group, Which 
is only present for part of the time in the n-isomer, and 
thus t-butylamine reacts more slowly. 
However, in the present instance, reactions with 
2 - and 4_methoxypyrimidines took place as nucleophilic 
attack on the methyl group , rather than on the nucleus, 
givin g rise to 2 - and 4_hydroxypyrimidines respectively. 
I n both cases , the hydroxypyrimidines were isolated and 
identified as their picrates. 
Differential nucleophilic attack on the activated 
nucleus or on the alkyl group has also been observed in 
ethers in the benzene series. The increasing effect of 
additional nitro groupS promotes attack on the nuc l us 
( Salkowski , 1874), and whereas 2_nitro-anisole was c l eaved 
by refluxing piperidine to give Q_nitrophenol, 2 ,4-dinitro-
anisole under the same conditions gave __ ( 2 ,4-dinitroPheny l)-
piperidine (Cahn, 1931). 
Reaction of t_butylamine at the methyl group is 
und rstandabl in the case of 2_methoxypyrimidine, in the 
H 
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(XXXIV) (xxxv) 
+ 
( CH 3 )3N- C2H4 -x-R - C6H5 
o 
(XXXVI) 
( XXVII) 
III) 
H H 
H ,,/ 
H I C 
~:/ 
light of the steric interference that might be anticipated 
by the bulk of the methyl groups of the amine with the lone 
pairs of electrons on the two alpha-nitrogen atoms . However, 
the reason for the simil ar reaction in the case of 
4_methoxypyrimidine, which has a structural resemblance to 
2 ,4-dinitro-anisole , is obscure. For both molecules, the 
presence of a further activating group appears to be es sential 
(~.i. Section B 4) in order to enable nucleophilic attack to 
take place on the nucleus. 
It is of interest to compare the aminolysis rates 
of alkoxy- and alkylthio-pyrimidines with the rate s of 
reaction of the corresponding chloropyrimidines with butylamine 
(Brown and Lyall, 1964). In attempting this, it is necessary 
to introduce large extrapolations in order to make up the 
deficiency between the relatively restri c ted temperature 
ranges over whi c h measurements can be made conveniently. 
o 
Thus, for example , it may be deduced that at 130 , under 
similar conditions , 2 _ chloropyrimidine reacts with butylamine 
about 4 x 104 times as fast as 2~methoxypyrimidine, and 
about 1.5 x 105 times as fast as 2_methylthiopyrimidine. 
These extrapolations are based on an approximate doubling 
of the rates of amination for chloropyrimidines over each 
100 rise ( Brown and Lyall, 1964), and an approximate 
doubling of the rate of aminolysis of pyrimidine ethers and 
thioethers ov r a 20
0 
ris • 
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(4) THE EFFECTS OF NUCLEAR SUBSTITUE TS. 
Activation and deactivation in aromatic systems 
arise as a result of a disturbance of the electronic 
distrubution caused by substituents attached to the nucleus . 
A number of effects have been described, those of importance 
in the present discussion being the inductive effect and the 
mesomeric effect . 
The inductive effect results from the unequal 
sharing of the electron pair forming the O_bond between 
the substituent and the ring, best exemplified by the bromine 
atom. The bromine is more electronegative than carbon, and 
thus in the covalent bond between the two , the electron 
density tends to be 
'\. b+ ; -
- C ----7 Br 
,./ 
greater nearer the halogen atom . If the carbon is part of 
an aromatic ring, then the net effect is to withdraw electrons 
from the ring , and in particular , in a nitrogen heterocyclic 
ring , the lectron density at the carbon atoms is 
significantly lowered relative to the nitrogen atoms, as in 
(XXXI ) where the signs represent fractional charges. 
+ 
( ) 
56 
, , 
Thus the ring positions marked positive are considerably 
more susceptible to nucleophilic attack than those in the 
unsu stituted molecule o 
r' Conver se ly, the hydro gen atoms in a methyl group 
are more electropositive than the carbon , with the result 
that the ne ga tive charge that accumulates on the carbon is 
available to be donated to an aromatic nucleus. The overall 
effect , though quantitatively smaller than that due to the 
bromine atom , is to render the 2- , 4- , or 6-positions of 
the pyrimidine nucleus somewhat less positive than those 
in the unsubstituted nucleus, and thus less susceptible 
to nucleophilic attack . The inductive effects , whether 
t 
electron releasing or electron withdrawing , are considered 
to be permanent polarisations in the ground state of the 
molecule. 
Th mesomeric effect is particularly an electron 
redistribution that can take place in conjugated systems 
via their 1Lorbi tals. This is readily apparent in a 
consideration of the nitro group 1 in ~ich the 0 ygen atoms, 
bing mor 1 ctron gative than the nitrogen, cause a 
polarisation in the group in which the nitro gen is positive, 
and thus withdraws lectrons from the nuc leus, and thereby 
stabilis s forms such as ( XL) by r sonance. 
\ 
/ 
( a ) ( b) (XLc) 
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Again, in this instance, the nitro group has 
rendered the 2 and 4 (or 6) positions of the pyrimidine 
nucleus electron deficient, and hence their susceptibility 
towards nucleophilic attack is considerably enhanced. 
In the ensuing discussion, the effect of the 
electron-donating methyl groups on the reactivities of 
methoxy- and methylthio-pyrimidines will be first considered, 
followed by an examination of the effects of bromo and 
nitro substituents. 
Established methods were employed to prepare the 
ethers and thioethers used~ and the aminopyrimidines that 
would be anticipated from their butylaminolysis. Thus 
treatment of 2 _chloro -4_methylpyrimidine (Howard, 1949), 
2_chloro_4,6-dimethylpyrimidine (Angerstain, 1901), 4-chloro-
2,6-dimethylpyrimidine (S chmidt , 1 902) , 5-bromo-2-
chloropyrimidine (Brown and Lyall, 1964), 5-bromo-4-
chloropyrimidine (Chesterfield , McOmie, and Sayer , 1955), 
and 2_chloro-5-nitropyrimidine (Roblin, Winneck, and English, 
1942) with methanolic sodium methoxide gave the appropriate 
methoxy compounds . Again, methylation of 2-mercapto -4-
methylpyrimidine (Burness, 1956), 4_mercapto-2,6-
dimethylpyrimidine (Polonovski and Schmidt, 1950), 
5_bromo _2_mercaptopyrimidine (made by thiation of the 
corresponding hydroxy compound), and 5-bromo-4-
mercaptopyrimidine (from the corresponding chloro co mpound 
and thiourea) with dimethyl sulphate or methyl iodide 
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afforded the required methylthiopyrimidines. The two 
bromo-methylthio derivatives were also conveniently 
prepared from the corresponding bromo-chloro compounds 
by treatment with a so lution of sodium methyl mercaptide. 
4,6-Dimethyl-2-methylthiopyrimidine (Hale and Williams, 
1915) and 2-methylthio-5 -nitropyrimidine (Boarland and 
McOmie, 1951) were prepared by Primary Synthesis. lfuile 
2-mercapto - 5 -nitropyrimidine was readily prepared from the 
reaction of 2-chloro - 5 -nitropyrimidine with thiourea, 
methylation of this mercapto compound under a variety of 
conditions failed. Moreover, reaction of this chloro 
compound with aqueous sodium methyl mercaptide also failed 
to yield the desired 2 -methylthio - 5-nitropyrimidine . 
The butylaminopyrimidines that were needed for 
identification purposes were all prepared from the chloro 
compounds and n- or t-butylamine. 
( a) Deactivation by Methyl Group s . 
The apparent first-order rate constants for the 
butylaminolysis of a number of nuclear methylated methoxy-
and methylthio-pyrimidines are recorded in Table 9 . 
It is again evident in the first place that the 
methoxy compound s react with butylamine considerably faster 
than the corr sponding methyl t hiopyrimidines . Secondly, 
the reactivity of groups in the 4-position is seen to be 
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TABLE 9. 
APPARE T FIRST-ORDER RATE CO STANTS (k x l07 sec .-l )a FOR 
THE AMINOLYSIS OF METHYL SUBSTITUTED 2 AND 4 - METHOXY- MD 
2 - AND 4-METHYLTHIO-PYRIMIDINES WITH BUTYLAMINE (2 moles) . 
Reaction temperature 
Pyrimidine 
l500 l700 
2 - Methoxy- 4 -methyl 309 (67) -
2 - Methoxy-4,6-dimethYl 244 (SO) 57S (SO) 
4-Methoxy-2,6 - dimethyl lOS (55) -
4-Methyl - 2 -methylthio 9.75 (30) -
4 , 6 - Dimethyl-2 - methylthio 4 . 46 (20) -
2,6 - Dimethyl-4-methylthio 7 . 32 (25) -
a The percentage reaction followed is indicated in 
parenthesis . 
greater in the case of the methylthio compounds 1 although 
this order is reversed for the methoxy analogues . The 
reason for this apparent reversal may again be that the 
isokinetic temperature for the two reactions lies above 
that at which the study was carried out. However, in 
the absenc of the results from further experiments at 
hi gher t mp ratures, such anexplicit assumption is unwarranted . 
1fh n th se rates are c ompared with those for the 
unsubstitut d m thoxy and m thylthio compounds (Table s 4 
and 5 ), it may be observed that with the exception of the 
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2-methoxy series, the insertion of methyl groups has had 
a progressive effect of diminishing the rate of displacement. 
Insertion of methyl groups into 2-methoxypyrimidine however 
has had little effect on the rate, and has apparently 
caused a slight increase when one methyl group is present . 
Thus the results obtained in the 2-methoxy series present 
an anomaly, and no satisfactory explanation can be advanced 
to account for this behaviour . It should be noted that 
no correction for concomitant isomerisation has been applied 
in these cases? as the isomerisation rates (~.~. Section B 2) 
represent at the most 0 . 6% of the observed displacement rate . 
As in the case of 4-methoxypyrimidine, the aminolysis 
of 4_methoxy-2,6-dimethylpyrimidine c ommenced slowly and 
became faster; the rate plot became rectilinear after the 
reaction had proceded to about 25% completion, and had 
the same form as that shown in Figure 6 . Similarly, the 
rate plot for the appearance of 4-butylamino-2,6-
dimethylpyrimidine possessed identical characteristics . 
b) Activation by Bromo and itro Substituents . 
Butylaminolysis of 2- and 4-methoxy- and 2- and 
4_methylthio-pyrimidines activated by a bromine substituent 
in the 5-position were readily followed spectrophotometrically 
as befor , and the apparent first-order rate constants are 
given in Table 10 . 
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TABLE 10. 
APPARENT FIRST-ORDER RATE CO ( 6 -l)a k x 10 sec. FOR THE 
AMINOLYSIS OF 5-BROMO-2- AND 4-METHOXYPYRIMIDINE AND 5-BROMO 
2 - AND 4_METHYLTHIOPYRIMIDINE WITH BUTYLAMI E (2 moles). 
Reaction temperature 
Pyrimidine 
70 0 90 0 1100 1300 1 500 
5 - Bromo- 2-methoxy - 7 . 63 26 . 0 - -
(50 ) (67) 
5-Bromo -4-methoxy 47.5 1 61 500 - -
(60) (75) (85) 
5-Bromo-2-methylthio 
- -
5 .11 10.2 -
(50) (50) 
5-Bromo -4-methYlthio -
-
- 46 . 8 81. 9 
(50) ( 67) 
a The figures in parenthesis indicate the percentage 
reaction followed. 
It was found that at room temperature 2 -methoxy-
5 -nitro pyrimidine and the methylthio analogue reacted very 
vigorously with n-butylamine giving a nearly quantitative 
yield of 2 -butylamino -5-nitropyrimidine in each case. This 
is of considerable interest, for although the activating 
influ nce of the 5-nitro substituent on the susceptibility 
of pyrimidine derivatives towards nucleophilic displacement 
r actions is w 11 established (Taylor and Thompson , 1961; 
Brown, 19 62 b), Andrews, Anand, Todd, and Topham (1949) have 
r ported a surprising lack of reactivity in the related 
L~ -amino-6-hydro y-2-methylthio-5-nitropyrimidine, which 
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failed to react with ammonia under a variety of conditions. 
However, Krackov and Christensen (1963) found that 
4,6 - dimethoxy-5-nitropyrimidine readily reacted with hydrazine 
to form the dihydrazino derivative , and stated that "the 
methoxy groups in such an activated system closely resemble 
in chemical behaviour the alkoxyl groups of simple esters". 
In view of this activation of both the methoxy and 
methylthio functions by the 5 - nitro group, it was necessary 
to use the sterically hindered t-butylamine in order to study 
the aminolysis of these compounds . In addition , in order 
that a comparison might be made of the activating influences 
of both the bromo and the nitro groups, 5-bromo-2-
methoxypyrimidine and its 4-methoxy isomer were also 
aminolysed with t-butylamine . It was found necessary to 
use a 5-molar proportion 0 f the amine with 2-methyl thio-5-
ni tropyrimidine in 0 rder to achieve a homogeneous solution . 
Analysis of reaction mixtures from this aminolysis presented 
a certain difficulty, since the ultraviolet absorption spectra 
of both the methylthio compound and the resultant butylamino 
derivative were very similar either in ethanol or in aqueous 
buffers. However, a calibration plot was drawn for the 
extinction coefficients at 350 ~ of a number of authentic 
mixtures of starting material and product at standard 
molarity . It was necessarily assumed that the molarity 
of the pyrimidine derivatives expressed as a total 
concentration would remain constant throughout the reaction . 
The apparent fir~t-order rate constants for this series 
of reactions are recorded in Table II. 
TABLE 11. 
APPARENT FIRST_ORDER RATE CONSTANTS (k x 107 sec .-l) a FOR THE 
MINOLYSIS OF 5-BROMO-2- AND 4-METHOXYPYRIMIDINE, AND 2 -
METHOXY_ AND 2-METHYLTHIO-5_NITROPYRIMIDINE WITH t-BUTYLAMI E. 
Reaction tempera ture 
Pyrimidine 
100 20 0 30 0 400 110 0 
5 - Bromo-2-methoxy b 6 . 63 
-
- -
-
(15) 
b 9 . 58 5 - Bromo-4 e methoxy 
- -
- -
(15) 
2-Methoxy-5-nitro b 1570 3300 5850 -
-
( 60 ) ( 67 ) ( 75 ) 
2-Methylthio-5-nitro c 91.7 286 489 - -
(25) (35 ) (50) 
a The figure s in parenthesis indicate the percentage 
reaction followed. 
b With 2 moles of amine . 
c With 5 mole s of amine. 
From a c onsideration of the results h e re tabulated, 
and of suitable extrapolations of those of the uns ubstituted 
c ompound s (Tables 4 and 5), it is apparent that the effect 
of the bromine ato m h as been gen erally t o cau se a 10-fold 
increase in the r at of butylaminolysis . This may be 
compared with the resul ts giv e n by Brown and Lyall, (1 964 ) 
) -
1 -
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for the amination of 2_chloropyrimidine and 5-bromo-2-
chloropyrimidine with hexylamine? in which the bromine 
atom has given rise to an approximately 40 - fold increase 
in rate . In the case of 2_methylthiopyrimidine, activation 
by the bromine has only been of the order of a J-fold 
increase in rate, which is somewhat lower than the norm . 
It may be seen that the presence of an activating 
group, whether t he bromo or the nitro substituent, has 
been necessary to allow attack by t - butylamine to take place 
on the nucleus, rather than on the methyl group , as was 
the case with the unac tivated methoxypyrimidines (y . ~ . Section 
B J) . The product was readily isolated from reactions 
with the nitro substituted compounds, and the presence of 
the 5_bromo-t_butylaminopyrimidines in the appropriate 
reaction mixtures was demonstrated by paper chromatography . 
It was anticipated that reaction of 5-bromo-4-
methoxypyrimidine with t-butylamine would be s low on account 
of the steric interference by the bulky bromine atom, and 
this was indeed refle c ted in the large decrease in rate 
when compared with the rate for aminolysis with n-,butylamine . 
For the 4-methoxy compound, the ratio of rate constants 
for reaction with n-butylamine and with t-butylamine is 
500:1, whereas for the 2 - methoxy compound, it is 40:1 . 
It is clear that the nitro group has caused a 
considerable degree of activation of both the 2-metho Y 
and the 2 _methylthio functions towards butylaminolysis . It 
I, .. 
is not possible to compare the overall activation effect 
of the nitro group , because the unsubstituted pyrimidine 
derivatives undergo displacement on the methyl group when 
reacted with t_buty1amine, but in comparison with the bromo 
6 
substituent, it would appear to be about 1 0 ~imes as 
effective . This may be compared with the effect of 
introducing a second nitro group into 2 _ch1oronitrobenzene 
to give 2 , 4 _dinitro ch1orobenzene , which is of the order of 
4 x 104 times as reactive as the mono-nitro compound in 
its reaction with piperidine ( Greizerstein , Bonelli, and 
Brieux, 1 962) . 
Again, these results, suitably extrapolated , may 
be compared with the figure given by Brown and Lyall (1965) 
for the amination of 2_chloropyrimidine with t-butylamine, 
and it is seen that the 5 -nitro group has caused the 
2 -methoxy function to be some 200 times as reactive as the 
unactivated 2-chloro substituent . 
5 - itropyrimidine derivatives may be likened to 
derivatives of 1,J,5-triazine (XLI) to which they bear a 
structural resemblance. 
(XLI) 
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Sheph erd and Fedrick (1965~ have stated that triazines 
bearing alkoxy and alkyl thio substituents are very reactive 
even at low temperatures towards nucleophiles, but little 
is known about the monosubstituted compounds . The 
trisubstituted 1,J,5-triazines show a remarkable de gree 
of activity , but such facile nucleophilic displac ements 
have not been investi g ated because of l ack of synthetic 
necessity. Thus no quantitative data a r e available for 
strict comparisons. 
In a number of instances , in which a c onsideration 
of the rate constant made it practicable , amino l ysis of 
alkoxy and alkylthio compounds was carried out preparatively? 
and details for the reactions with 2 - and 4 _methoxypyrimidines 
are given in the Experimental Section . In a ll cases , 
yields in excess of 80% of that predicted from the rate 
constants were obtained. 
(5) IONISATIO CONSTlNTS AND SPECTRA. 
A knowledge of ionisation constants of organic 
compounds is essential if meaningful ultraviolet spectra 
of such compounds are to be obtained in aqueous solution. 
Use may also be made of these constants in order to determine 
the optimum pH for isolation of the compounds in maximum 
yield . In the present work, it was found necessary to 
follow the butylaminolysis of alkylthiopyrimidines in 
aqueous solutions at such pH that the derived butylamino -
pyrimidines were present as their cations . In the case 
of the 2-alkylthio compounds, these were present in solution 
mainly as neutral molecules , but in the case of the 4-alkyl-
thiopyrimidines , each measurement was conducted in a solution 
containing as cations both starting material and product . 
Thus the ionisation constants of all the alkoxy-, 
alkylthio-, and butylamino - pyrimidines used in the present 
study have been measured , and together with those of the 
corresponding _-alkyl-oxo, hydroxy, and mercapto compounds 
are recorded as pK values in Tables 12 , 13, and 14 . 
a 
From a comparative study of these values , a 
number of generalisations may be induced , principally 
relating to the effect of nuclear substituents, but also 
in regard to the effect of methylating an hydroxy or 
mercapto group, and the differences between oxygen and 
sulphur isologues . For example , it may be deduced that 
the insertion 0 f a methyl group , by virtue of its electron 
donating ability , would increase the basic strength of a 
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molecule by rendering it more capable of accepting a proton, 
and conversely, it would weake n the strength of a mole cule 
capable of ionisation by the loss of a proton. Both these 
aspects would be reflected in an increase in the pK values, a 
and indeed this is seen to be the case , for addition of each 
methyl group has given rise to an increase of between 0 . 5 
and 1.3 in the pK values. 
a 
On the other hand , electron withdrawal by bromo 
or nitro groups would be expected to lower the basic strength, 
and onc e again, this is evident from the tabulated figures 
in which it is seen that the bromo group has caused a 
decrease of from 1.1 to 2.0 pK units, and the nitro group 
a 
has similarly brought about a decrease of approximately 
4 pK units . 
a 
Alkylation 0 f an hydroxy or mercapto group in the 
2-position has invariably caused a decrease in the basic 
pK value, but an increase has oc curred upon alkylation of 
a 
these functions in the 4-position. This is due to the fac t 
that both inductive electron withdrawal and mesomeric 
electron release effects are operative in these molecules . 
In the case of a substituent in the 2-position, this is 
between two electron-rich nitrogen atoms, and the inductive 
effect is thus of greater importance, whereas in the 4-
position, the inductive effect is diminished , and the 
mesomeric eff ct is the controlling factor, especially as 
it enables the molecule to assume a para- quinoid form as 
one of the resonance structures (XLII). 
+8 R +8 R 
\ ( ) / 
(XLII) 
In accordance with the observations of Marshall 
and Walker (1951) and of Albert and Barlin (1959; 1962) for 
similar series of pyrimidines and other nitrogen heterocycles, 
it may be seen that derivatives containing sulphur are 
generally weaker bases than their corresponding oxygen 
isologues. 
The spectra of the alkoxy-, _-alkyl-oxo-, alkylthio-, 
and alkylamino-pyrimidines were determined in aqueous 
solutions at such pH values that essentially only neutral 
molecules or univalent cations were present. Thus measure-
ments were carried out in solutions of pH values numerically 
at least 2 above the basic pK values to ensure that over 
a 
99% of the pyrimidine was present as the neutral molecule, 
and conversely in solutions of pH numerically at least 2 
below the pK value to ensure the presence of over 99% of 
a 
the corresponding mono-cation. In cases where the compound s 
were unstable in acidic solution, only the spectrum of the 
neutral molecule was recorded. The wavelengths of maximum 
absorption, to ge ther with the logarithms of the mole cular 
extinction coefficients are given in Tables 15, 16, and 17. 
I 
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It should be emphasised that the spectra 
illustrated in the appendix are those pertaining to the 
c onditions under which the appropriate reaction mixtures 
were satisfactorily analysed; thus in the case of the 
2_alkylthiopyrimidines, these compounds were present 
partially as cations. Nevertheless, this str~cture does 
not detract from the utility of the analytical method, 
because the wavelengths and the pH of the solutions were 
chosen so that measurements were made at points of maximum 
and minimum absorption . 
Many of the gener a li sations made by Mason (l962) 
con cerning the effect of various substituents on the position 
and the intensity of the absorption bands of pyrimidine are 
seen to apply to the spectra of the compound s employed in 
the present study . 
:, 
TABLE 12. 
IONISATION CONSTANTS OF OXYPYRIMIDINES (in water at 200 C.). 
Pyrimidine Basic pK Acidic pK a a 
2 - Hydroxy 2.24 9 .17 
2 - Methoxy 1.05 ~ 0 .03 -
2 - Ethoxy 1.27 ~ 0.04 -
2-Propoxy 1. 34 ~ 0.04 -
2 - Isopropoxy 1.58 ~ 0.03 -
2 - Butoxy 1. 35 ~ 0.04 -
2 - s - Butoxy 1.63 ~ 0 . 02 -
2-1 sobu toxy 1. 37 ~ 0 .03 -
4 - Hydroxy 1. 69 8 . 60 
4 - Methoxy 2 . 5 -
2 - Hydroxy-4-methyl 3.06 9 . 9 
2 - Methoxy-4 - methyl 2 . 0 -
2 - Hydroxy-4,6 - dimethyl 3.82 ~ 0.02 10.45 ~ 0 . 05 
2-Methoxy- 4,6-dimethyl 2 . 75 ~ 0.02 -
4_Hydroxy-2,6-dimethyl 3.06 ~ 0.04 9 . 77 ~ 0 . 05 
Analytical 
Wavelength 
( IT).d 
( a) 
282 (b) 
286 (b) 
286 (b) 
286 (b) 
286 (b) 
286 (b) 
286 (b) 
(c) 
(c) 
(d) 
(d) 
315 and 305 
280 (e) 
280 (e) 
(e) 
--.l 
r 
TABLE l2 ( CONT'D) 
4 - Methoxy- 2,6-dimethyl 4.76 ::. 0.03 
5 - Bromo - 2 -hydroxy 0.1+4 :t 0 0';;" 
5 - Bromo -2-methoxy -0 .77 ::. 0.03 
5-Bromo - 4-hydroxy (} ' H~!:. 0. 03 
5-Bromo - 4 - methoxy 1. 35 ~ 0 . 04 
1,2 - Dihydro-l-methyl-2-oxo 2.50 
l -Ethyl-l,2-dihydro-2-oxo 2 . 65 ::. 0.04 
1,2- Dihydro-2-oxo-l-propyl 2.75 ::. 0 . 05 
1,2 - Dihydro-l-isopropyl-2-oxo 2.93 ::. 0. 05 
I-Butyl-l,2-dihydro-2-oxo 2.76 ::. 0.05 
1 - s - Butyl-l, 2-dihydro - 2 -o xo 3.00 ::. 0.05 
1,2-Dihydro-l-isobutyl-2-oxo 2.75 ::. 0 . 05 
I-t-Butyl-1,2-dihydro-2-oxo 3. 58 ::. 0.04 
1,6 - Dihydro-1-methyl - 6 -o xo 1.84 
1,2_Dihydro_1,4, 6 _trimethyl-2-oxo 4.0 
5 - Bromo -1, 2 -dihydro -1-methyl-2-oxo 0 . 55 ::. 0.03 
5 _Bromo_1, 6 _dihydro -1-methyl - 6 -oxo 0 . 14 ::. 0.06 
-
7 .36 (f) 
-
t . ;5 t. 0 ·011 
-
-
-
-
-
-
-
-
-
-
-
-
-
235 (e) 
3~-O ( t:) 
310 (b) 
:2-4 b_ ~ {.t) 
30~ 
248 (b) 
( c ) 
330 
330 
330 
330 
330 
330 
330 
( c ) 
(d) 
355 (b) 
248 (b) 
-.J 
I\) 
a B r O1vn , 1 95 0 • b Kindly determined by Mr . I. Pavelic. 
Hoerger, and Mason, 1955· d Marshall and Walker, 1951. 
determined by Mr . D .T. Light. f Brown and Harper, 1963 . 
c 
e 
Brown, 
Kindly 
~ 
\...J 
TABLE 13. 
IONISATION CONSTANTS OF THIOPYRIMIDINES (in water at 200 C . 
Pyrimidine Basic pK Acidic pK Analytical Wavelength 
(rIJU ) 
2 - Mercapto 1. 35 7.14 
(a) 
2 - Methylthio 0.59 -
( a) 
2 -Ethylthio 0.70 :!:.. 0 . 03 
_. 320 
2 - Isopropylthio 0 . 81 :!:.. 0 . 03 - 320 
4 - Mercapto 0.68 6.90 
(a) 
4 - Methylthio 2 . 48 -
(a) 
4 -Ethylthio 2.65 :!:.. 0.05 - 260 
2 - Mercapto-4 -methyl 2 . 2 8.0 
(b) 
4 _Methyl-2 -methylthio 1.86 -
(b) 
2 - Mercapto - 4,6-dimethyl 2 . 8 8.5 
( c ) 
4,6 _Dimethyl - 2 -methylthio 2 . 13 :!:.. 0 . 05 - 305 
4 - Mercapto - 2,6 - dimethyl 1.80 + 0.02 8 . 13 :!:.. 0.02 296 and 338 
2,6 _Dimethyl-4 -methylthio 4.05 :!:.. 0.02 - 300 (d) 
5 - Bromo - 2 -mercapto -0.43 :!:.. 0.03 5.47 :!:.. 0 . 05 
310 and 300 
(d) 
(e) 
-....1 
+-
TABLE 13 ( CONT'D) 
5 - Bromo - 2 - methy1thio - 0 . 90 +0 . 04 340 
5 - Bromo - 4 - mercapto - 0.46 + 0.04 5 . 60 ~ 0 . 02 310 and 350 (e) 
5 - Bromo - 4 - methylthio 1. 02 ~ 0.04 315 (d) 
a Albert and Barlin, 1962. b Marshall and Walker, 1951 . 
c Boarland and McOmie, 1952 . d Kindly determined by 
Mr . I. Pavelic . e Ki ndly determined by Mr. D . T. Light. 
--J 
Vl 
TABLE 14. 
OF ALKYLAMI OPYRIMIDI ES (in water at 
20 0 C .) . 
Pyrimidine pK Analytical a Wavelength 
(m;J ) 
2 -Butyl amino 4.09 ( a) 
2 -t-Butylamino 4.24 (b) 
2 - Hexylamino 4.18 + 0 .05 243 
-
4-Butylamino 6 .45 + 
-
0.05 260 
4-t-Butylamino 6 . 58 + 
-
0.04 (c) 
2 -ButYlamino-4-methyl 4.71 + 
-
0.03 (d) 
2 _Buty1amino-4, 6 -dimethyl 5 .28 (b) 
4-ButYlamino-2,6-dimethy1 7.42 (b) 
5 - Bromo-2-bu tylamino 2 . 2 1 + 0.06 258 
-
5 -Bromo- 2 -t- buty1amino 2 .14 + 0.05 258 
-
5 - Bromo-4-butyl amino 4.49 + 
-
0.01 270 (d) 
5 - Bromo-4-t-buty1amino 4.69 + 0.04 270 
-
2 -Buty1amino- 5 -nitro 0.06 + 0.04 345 (e) 
-
2 -t-Buty1amino- 5 -nitro 0.16 + 0.05 345 
-
a Brown and Harper, 1 963 . b Brown, England, and Lyall, 
1966 . c Measured potentiometrically at 0 .001 M. 
d Kindly determined by Mr. D.T. Light. e I ind1y 
determined by Mr. I. Pave1ic. 
TABLE 15. 
ULTRAVIOLET SPECTRA OF ALKOXY- AND ALKYLTHIO_PYRIMIDINES. 
Pyr i midine A (log E )* pH or H max. 0 
2 - Methoxy 264 (3.68) 7.0 
2 -Ethoxy 266 (3.62) 7.0 
2 - Propoxy 266 (3 . 63) 7.0 
2 - Isopropoxy 268 (3.55) 7.0 
2 - Butoxy 267.5 (3.56) 7.0 
2-s - Butoxy 267 (3.59) 7.0 -...1 -...1 
2 - Isobutoxy 266.5 (3.62) 7.0 
4 - Methoxy 248 (3.53) 6.9 ( a) 
2-Methoxy-4-methy1 264 (3.73) 7.0 (b) 
2 - Methoxy-4,6-dimethy1 264 (3.82) 10.2 ( c) 
4 - Methoxy-2,6-dimethy1 217 (3 .68), 249 (3. 56) 7.0 
5-Bromo-2-methoxy 218 (4.11), 286 (3 . 52) 7.0 
5 -Bromo-4-methoxy 226 (3.83), 262 (3 .62 ) 7 . 0 
2 -Methoxy- 5-nitro 271 (4.12) 7 . 0 
2 -Methy1thio 250 (4.11), ~ (~) 7.0 (d) 
Cation 214 (3.48), 255 (4.10), 313 (3.51) - 2 . 77 (d) 
TABLE l5 ( CONT ' D) 
2-Ethy1thio 251 (4.14), ~ (~) 7.0 
Cation 215 (J.61), 258 (4.15), J16 (J.59) - J .O 
2_I sopropy1thio 252 (4.1J), ~ (~) 7,0 
Cation 219 (J.41), 258 (4.1J), J15 (J.57) - 2.5 
4-Methy1thio 257 (J.85), 279 (J.91) 7.0 (d) 
Cation 221 (J .47), J02 (4 . 2J) 0.0 (d) 
4-Ethy1thio 257 (J.89), 280 (J.96) 7 . 0 
Cation 219 (J.7J), JOJ (4.27) 0 , 0 -....l (Y) 
4_Methyl-2-methy1thio 210 (J.6), 250 (4 . 14), 280 (~) 7.0 (b) 
Cation 215 (J.8), 25J (4.15), J04 (J.66) 0 . 0 (b) 
4,6 _Dimethyl - 2-methy1thio 250 (4.07), 280 (~) 7.0 
Cation 217 (J.67), 25J (4.06), JOJ (J.72 ) -1. 0 
2,6 _Dimethyl-4-methy1thio 215 (J. 91), 250 (J. 84), 280 (4 . 01) 7.0 
Cation 228 (J.92), 299 (4.JO) 1.0 
5_Bro mo-2-methy1thio 261 (4.J2), ~ (~) 4.0 (e) 
Cation 269 (4.JJ), JJ6 (J.57) - J.O 
5_Bromo-4-methYlthio 256 (4.00), 288 (J.92) 5 . 0 
Cation 214 (J.92), 2J8 (J.7 4), J11 (4.2J) -1.0 
2_Methy1thio - 5- nitro 219 (J.7J), J25 (4.15) J . O 
II, 
-
* Values und e rlined refer to s h oul ders or i n flexions. 
a Brown and Short, 1953 . b Marshall and Walker, 1951. c Boarland 
and McOmie, 1952. d Albert and Barlin, 1962 . e cf. Boarland and 
McOmie, 1952 : spectrum in water, 218.5 (3.5 2), 260.5 (4.34 ). 
-...J 
\0 
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TABLE 16. 
ULTRAVIOLET SPECTRA OF ALKYLAMI OPYRIMIDINES . 
Pyrimidine "- (logE) max. 
2-Bu ty1amino 236 (4.16), 308 (3.35) 
Cation 230 (4.18), 315 (3.48) 
2- t-Buty1amino 237 (4.25), 309 (3.41) 
Cation 231 (4.23) , 320 (3.55) 
4-Buty1amino 244 (4.20), 279 (3.56) 
Cation 256 (4.24) 
4-t-Buty1amino 246 (4.19), 274 . 5 (3 . 59) 
Cation 258 (4.22) 
2_Butylamino -4-me thyl 237 (4.22), 305 (3.50) 
Cation 230 (4.22), 313 (3.58) 
2_Butylamino- 4, 6 -dimethy 1 239 (4.05), 303 (3. 45) 
Cation 231 (4.15), 310 (3.70) 
4_Butylamino- 2,6 -dimethyl 244 (4.03) , 275 (3 061) 
Cation 258 (4.21) 
5_Bromo_ 2_butylamino 248 (4.36), 324 (3.16) 
Cation 244 (4.36), 342 (3. 45) 
5_Bromo_ 2 _t_butylamino 249 (4.35), 324 (3.37) 
Cation 245 (4.35), 342 (3.5 1 ) 
5 _Bromo _4_buty 1amino 248 . 5 (4.10), 288 (3.61) 
Cation 266 (4.16) 
5_Bromo_4_t_butylamino 249 (4 007), 284 (3.57) 
Cation 267 (4.12) 
2-Butylamino-5-nitro 217 (3. 86 ) , 340 (4.20) 
Cation 214 (3.82) , 300 (4.13) 
'--
pH or H 
0 
7.6 ( a) 
1.0 ( a) 
6 . 8 (b) 
1.8 (b) 
10.0 
3.0 
10.0 
3 . 0 
700 
2 . 0 
8 . 0 (b) 
3 . 0 (b) 
10.0 (b) 
5.0 (b) 
7.0 
0.0 
7 00 
0 .0 
7.0 
2.0 
7 00 
2 . 0 
3 . 0 
-2.0 
81 
TABLE 16 ( CO TID) 
2-t -Buty1 amino- 5 -nitro 218 (3.87), 344 (4.24) 3.0 
Cation 215 (3.81), 300 (4.18) - 2.0 
a Brown and Harper, 1963. b Brown, England and Lyall, 1 966 . 
TABLE 17. 
ULTRAVIOLET SPE CTRA OF N_ALKYL _O XOPYRIMIDINES . 
Pyrimidine "- (log 8 ) max. 
1,2 - Di hydro-1-methyl-2-oxo 215 (4.00), 302 (3.73) 
Cation 313 (3.85) 
1-Ethy1-1,2 - dihydro-2-oxo 215 (3.91), 304 (3.71) 
Cation 314 (3.85) 
1,2-Dihydro-2-oxo-1-propy1 215 (3.93), 304 (3.72) 
Cation 315 (3.84) 
1,2-Dihydro-1-isopropyl-2-oxo 215 (3.81), 304 (3.71) 
Cation 317 (3. 87) 
1-Buty1-1, 2-dihydro- 2 -o xo 215 (3.90), 304 (3.72) 
Cation 315 (3.8~) 
1-s-Buty1-1,2-dihYdro-2-oxo 216 (3.86), 305 (3.73) 
Cation 316 (3.84) 
1,2-Dihydro-1-isobutyl-2-oxo 215 (3.91), 304 (3.71) 
Cation 315 (3.85) 
1-t-Buty1-1,2-dihYdro-2-oxo 218 (3.84), 305 (3.70) 
Cation 315 (3.87) 
pH or H 
0 
6.0 ( a) 
0.3 (a) 
7 . 0 
0.0 
7 .0 
0 . 0 
7.0 
0 . 0 
7 . 0 
0.0 
7.0 
0.0 
7.0 
0.0 
7.0 
0.0 
I 
CtJ 
!\) 
TABLE 17 ( CONT'D) 
1, 6 -Dihydro - l - methYl-6 - oxo 221 (3.83), 269 (3 . 59) 5 . 0 ( a) 
Cation 226 (3 . 96), 258 (3.47) - 0.4 ( a) 
1,2 _Dihydro _l,4,6 - trimethyl - 2 - oxo 218 (3 . 82), 297 (3.82) 7 . 0 (b) 
Cation 307 (3 . 96) 0 . 0 (b) 
5 _Bromo _1,2 _dihydro - l - methyl - 2 - oxo 225 (4 . 00), 326 (3.43) 4 . 0 
Cation 224 (3 . 96), 346 (3 . 55) - 2 . 0 
5 _Bromo _l , 6 _dihydro - l - methyl -6 - oxo 236 (3 . 60), 283 (3.77) 4 . 0 a:.> 
\...J 
Cation I 245 (3 . 71), 277 (3.78) - 2 . 0 
a Brown, Hoerger, and Mason, 1955 . b Marshall and Walker, 1951 . 
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C • EXPERIMENTAL 
(1) INTRODUCTION. 
Micro-analyses were carried out by Dr. J.E. Fildes, 
and assistant analysts, Mrs. I. Komorowsky, Mrs. N. Rincic, 
and Mr. D.A. Maguire, in the Micro-analytical Section of the 
Department of Medical Chemistry in this University. 
Melting points were determined in 'Pyrex ' brand 
g lass capillaries inserted in an electrically heated copper 
block (Townson and Mercer, Ltd., Type V Melting Point 
APparatus) and are uncorrected. 
Ascending paper chromatography was used to check 
the purity of the compounds prepared. Whatman o. 1 and 
No.4 papers were used with the following eluents: 
( a ) 3% aqueous ammonium chloride, (b) n-butanol/5N-acetic 
acid mixture (7:3), and (c) F. Bergmann's solvent, a mixture 
of isopropanol ( 65~ ), NN-dimethylformamide (22.5%), 90% formic 
acid (2.5%), and water (1~). The paper chromatograms were 
examined in ultraviolet light of wavelength 254 my (from a 
mercury resonance lamp and a Chance Brothers' CX 7/19874 
filter) • 
Following the practice of the Chemical Society, 
the names of new compounds are underlined (in lieu of italics) 
at their first mention in the body of the experimental text . 
Names which are headings, however, are a lso underlined, but 
this doe s not indicate that the compound is necessarily new. 
All compounds prepared are listed alphabetically in 
the appendix , the names of those that are new again being 
underlined. 
The thermostat baths used were of three types , 
depending on the temperature at which the experiment was 
being conducted. A water b ath controlled with a B Braun 
o 0 
Thermomix II was used for temperatures between 10 and 40 
+ 0 
with an accuracy of - 0.1 ; a Townson and Mercer Type X 27 
bath, filled with paraffin oil was used for temperatures 
between 70 0 and 1100 with an accuracy of ~ 0.20 ; and for 
all higher temperatures , a Shandon Type WB 20 
Ultrathermostat bath, filled with Fischer Bath Wax was used, 
. + 0 
the accuracy be~ng - 0.1 . 
(2 ) DETERMINATIO OF PHYSICAL CONSTANTS . 
Ionisation constants were determined either by 
potentiometric or spectrophotometric means. The methods 
used are described by Albert and Serjeant (1962). When 
the spectrophotometric method was used, measurements were 
made on a Hilger 'Uvispek' H700/3 0 1 ~uartz Spectrophotometer. 
Ultraviolet absorption spectra were obtained using 
a Shimadzu Recording Spectrophotometer RS 27, or a Perkin 
Elmer 1Spectracord t 4000A, and optical densities at 
wavelengths of maximum absorption and inflection were checked 
manually on the Hilger instrument. Buffers of low ultraviolet 
absorption (P errin , 1963) wer normally used for all 
spectrophotometric work; for low values , the acidity function 
(HO) solutions of Paul and Long (1 957 ) were used • 
• M.R. spectra were measured on a Perkin Elmer 
R 10 ~ectrom ter at 60 Mc./s c ., with tetramethylsilane as 
86 
internal standard. 
(3) QUALITY AND PREPARATION OF AMINES. 
Most of the amines used were commercially available , 
a nd were of Fluka Puriss., or B.D.H. Analar grade . A sample 
of each was tested for homogeneity by vapour phase 
chromatography using a Beckman GC 2 Chromatograph. 
N_Pentylmorpholine. A mixture of pentylamine (25 g .), 
, 
" 
di- ~-chloroethyl ether (41 g. ), sodium hydroxide (23 g .), 
and water (200 ml.) was stirred on a steam bath for 16 hr. 
The organic layer was added to 2N-hydrochloric acid (500 ml.) 
and unchanged di- ~-chloroethyl ether removed by extraction 
with ether. The acidic solution was ma de strongly basic, 
and the liberated amine extracted into ether. After 
washing (30% aqueous sodium chloride) the ether was removed. 
Fractionation gave ~_pentylmorpholine (20 g .), b.p. 
o 
196 -1 98 • 
Niederl and McCreal (1952) give b.p. 195 0 , but no preparative 
det a ils . (Found: N, 8.7. Calculated for C9H19NO: 8.9'%). 
The picrate , as needles from ethanol, had m.p. 127-128
0
• 
(Found: C, 46.7; H, 5.65. 
H, 5.7'%). 
(4 ) PREPARATION OF PYRIMIDINES. 
a ) Alkoxy and alkyl thiopyrimidines . 
2-Butoxypyrimidine .- 2-Chloropyrimidine (5.0 g .; Kogon , 
Mini n , and Overberger , 1955 ) in butanol (50 ml .) was added 
with stirring to a solution of sodium butoxide (from 
s o dium , 1. 0 g .) in butanol (200 ml. ). The mixture was 
stirred and heated on the steam bath for one hour, and 
then cooled. A little solid carbon dioxide was added , 
followed by ether (100 ml.), and the salts filtered off. 
The solvents were removed , and the 2 - butoxypyrimidine 
(4 . 8 g .) distilled at 96 - 98°/ 18 rum . (Found: C, 63 . 3; 
H , 7 . 7 ; N , 18 .7. 
N , 1 8 .4~ ). 
2-s - Butoxypyrimidine .- In a similar manner , from 
2-chloropyrimidine (5.0 g .) and sodium (1.0 g .; as 
s-butoxide ) in s-butanol (250 ml .) was obtained 
2-s-butoxypyrimidine (4.15 g .), b . p. 89- 90°/18 mm. 
(Found : C , 63 .1; H , 8 . 0 . 
H , 7 . 9510 ). 
2 -E thoxypyrimidin • Using the same method , 2 - chloropyrimidine 
(5. 0 g .), sodium (1. 0 g . ; as etho ide ) and ethanol (120 
ml .) yield d 2-etho~yrimidin ( 4 . 0 g. ), b . p . 77-7 8°/20 rum . 
(Found : C, 57 . 6; H , 6 .4; , 22 . 95. 
C , 58. 05 ; H , 6 . 5 ; N , 22 . 6~ ) • 
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2-Isobutoxypyrimidine. - In the same way, reaction of 
2 - chloropyrimidine ( 6 . 5 g .) with sodium ( 1. 35 g . ; as 
isobutoxide ) in isobutanol ( 500 ml .) gave 2 - isobutoxypyrimidine 
(4 . 9 g. ) , b . p . 103 -1 04°/ 18 mmo (F ound : C , 62 . 5 ; H , 7 . 7 ; 
N , 18.3 . 
2- Isop ropoxypyr i midine . - The reaction of 2-chloropyrimidine 
( 5 . 0 g .) with sodium (1. 0 g . ; as isopropoxide ) in 
isopropanol (1 50 ml .) likewise yielded 2-isop ropoxypyrimidine 
(4 . 5 g .), b . p . 90 - 9 1°/18 mm . (F ound : C, 60. 85 ; H, 7 . 1 ; 
N , 20 . 1. , 20 . 3%) . 
2-Methoxypyrimidine . - This was prepared in 78% yield , 
(Found : C , 54.2; H , 5 . 8 ; 
N, 25 . 0 . 
N, 25 . 4% ) 
Calculated f o r C5H6N20 : C , 54 . 5 ; H , 5 . 5 ; 
(Cf . Boarland and McOmie , 1952; Brown and 
Short , 1953 ). 
2 - Phenoxypyrimidine . - This was prepared in 60% yield , and 
° had m. p . 88-89 • (Found : C , 69 . 3; H , 4 . 8 ; 16 . 2 . 
Calculated for C 10H8N20: C , 69 . 8; H, 4 . 7; N, 16 . 3%) 
(Cf . Matsukawa and Shirakawa , 195 1). 
2-Propoxypyrimidine . - 2-Chloropyrimidine ( 5 . 0 g .) and 
sod i um (1. 0 g . ; as propoxide ) in propanol (1 50 ml .) gave 
2_propoxypyrimidine ( 4 . 3 g .), b . p . 92 - 93°/22 mm . (Found : 
c , 60. 5 ; H,7 . 0; N , 20 . 2 . 
H , 7 . 3; N, 20 . 3% ) . 
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2-p-Tolyloxypyrimidine.- 2-Chloropyrimidine (4.0 g .) , 
E-cresol ( 5 .5 g .), and anhydrous potassium carbonate 
(5. 0 g .) were heated together at 170-1800 for one hour. 
Aqueous potassium hydroxide solution (50 mi. of 5~ ) was 
added to the cooled mixture and 2-p-tolyloxypyrimidine 
( 6.0 g .) was extracted into ether. The product was 
recrystallised from aqueous ethanol, and had m.p. 74-75
0 
(F 0 und : C, 70 • 6 ; H, 5. 5 ; N, 1 5 • 2 • 
C, 70. 95 ; H , 5. 4 ; N , 1 5 • 05% ) • 
2 -Ethylthiopyrimidine .- 2-Mercaptopyrimidine (14.5 g .; 
Hunt , McOmie, and Sayer, 1959), sodium hydrogen carbonate 
(11.0 g .), and ethyl iodide (20.2 g .) were stirred together 
in water (2 50 mi.) at 25 0 for six hours. After addition 
of N-sodium hydroxide (50 mi.) the 2-ethylthiopyrimidine 
(5. 0 g .) was extracted into chloroform; after removal of 
the s o lvent, it distilled at 105 -106 0 / 15 mm. (Cf. Johnson 
and Joyce, 19 15 , who give b.p. 115
0
/20 mm.) (Found: 
C,51.1; H,5.6; 
C, 51.4; H, 5 .7; 
19 .7 5 . 
N , 20.0%). 
2-IsOPE£Eylthiopyrimidine.- Us ing the same method, from 
2-mercaptopyrimidine ( 8.0 g .), sodium hydrogen carbonate 
( 6 .0 g .) and isopropyl iodide (1 2 . 2 g .) in water (140 mi .) 
was obtain d 2_is opropylthiopyrimidine (4.7 g .), b.p. 
106-1070/12 nun. (Found: C, 54 . 7 ; H , 6.6. 
requires C, 54 . 5; H, 6.5~). 
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2_Methylthiopyrimidine~- This was prepared in 70% yield, 
... 0 
and had b . p: 105-106 /30 mm. (Found: C, 47 . 85; H, 5 . 1. 
Calculated for C5H6N2S : C , 47.6; H, 4.8%) 
and McOmie, 1952). 
( Cf. Boarland 
4_Methoxypyrimidine.- This was prepared in 38% yield from 
4_hydroxypyrimidine by the method of Brown and Short (1953), 
and had b~p~ 67 0 /35 mm. The picrate , as needles from 
ethanol, h ad m. p . 1290 (Found: C , 39~2; H, 2 . 8 . 
4_Ethylthiopyrimidine .- A mixture of ethyl iodide (10.0 g .), 
4_mercaptopyrimidine (7 ~0 g .; Armarego , 1965) , and 
N-sodium hydroxide (70 ml.) was shaken for four hours. 
After addition of N-sodium hydroxide (20 ml.), the product 
was extracted into chloro f orm. After removal of the 
solvent, 4_ethylthiopyrimidine (5.65 g . ) distilled at 
89 -900 /12 mm. (Found: C , 51.7; H , 5~6; , 20 . 15 . 
, 20.0%). The picrate, 
o 
as flattened nee dles from ethanol, had m. p . 105-106 
(Found: C,39 . 1; H,2 . 9 . 
H, 3 . 0%). 
4_Methylthiopyrimidine .- This was prepared in 84% yield, 
(Found : C, 47 . 4; H, 4~7; 
N, 21.9 . Calculated for C5H6 2S : C, 47~6; H, 4 . 8; 
N , 22:2%) ( Cf . Albert and Barlin, 1962). 
The picrate, 
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as prisms from ethanol, had m.p. 111-112° (Found: C, 37.4; 
H, 2.8. 
2-Methoxy-4-methylpyrimidine.- This compound was prepared 
in 78% yield from 2-chloro-4-methylpyrimidine (Howard, 194 9), 
and had b.p. 82 -83°/15 mm. (Found: N, 22.9. Calculated 
for C6H8N20: N, 22.6%). (Cf. Marshall and Walker, 1 95 1). 
° The picrate, as rhombs from ethanol, had m.p. 119-120 
(Found: C, 40.9; H , 3.3. 
H, 3.1%). 
4-Methyl-2-methylthiopyrimidine.- 2-Mercapto-4-methylpyrimidine 
hydrochloride (24.65 g.; Burness, 1956 ) was added to a 
stirred suspension of sodium hydrogen c arbonate (26.0 g .) in 
water (300 mle). After the initial effervescence had 
ceased, water-washed dimethyl sulphate (15 ml.) was added 
during ten minutes. The mixture was stirred for a further 
four hours, and the product (15.0 g. ) was extracted with ether. 
The solvent was removed, and 4_me thyl_2-methylthiopyrimidine 
distilled at 101-102°/20 mm. 
who gave b.p. 78-80°/1 mm.) 
N, 19.7. 
(Cf. Matsukawa and Ohta, 194 9, 
(Found: C, 5 1.2; H, 5.85; 
, 20·010)· 
2_Methoxy_4,6_dimethylpyrimidin This was obtained in 
65% yield, and had b.p. 85-86°/12 mID., and m.p. 35-36° 
(Found: C, 61.3; H, 7.5; , 20.4. Calculated for 
C
7 
H 1 ON 2 0 : C, 60 • R 5 ; H, 7. 3 ; , 20.3%) (Cf. Andrisano 
and Modena, 195 1). The picrate, as prisms from water, had 
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m.p. 137-13So ( Found : C,42.65; H ,3. 6 . 
requires C, 42.5; H , 3.6~). 
4,6-Dimethyl-2-methylthiopyrimidine.- This was prepared 
by primary synthesis from acetylacetone and ~-methylthiourea 
sulphate , according to the method of Hale and Williams (1 915 ), 
in 45% yield, and had b.p. 115-116°/1 2 mm. (Found: 
C, 54.5; H, 6.S. 
H, 6.5%). The picrate, as prisms from ethanol, had m.p. 
1 09° (F ound: C, 41. 1; H , 3. 3. 
C, 40.7; H , 3. 4%). 
4_Methoxy-2,6-dimethylpyrimidine.- This compound was 
prepared in 65~ yield, and had b.p. 70°/14 mm. (F ound : 
C,61.2; H,7.2; N,20.1. Calculated for C~10 2° : 
C, 60.S5; H , 7.3; N, 20.3%). The picrate, as needles, 
from ethanol, had m.p. 126-127° (Found: C, 42.6; H, 3.7. 
Calcula ted for C 13H13N5
0 S: C, 42.5 ; H, 3.6%) • Andrisano 
and Modena (195 1) gave m.p. 124° for the picrate. 
4_Mercapto_2,6-dimethylpyrimidine.- A mixture of 4-hydroxy-
2,6_dimethylpyrimidine (10. 0 g .; Snyder and Foster, 1954 ) and 
phosphorus pentasulphide (S. O g .) in pyridine (40 mI.) was 
heated under reflux for 30 minutes. The mixture was cooled, 
water (100 mI.) was a dd ed, and the solution was evaporated to 
small bulk. The 4_me r capto-2,6-dimethylpyrimidine (7. 2 g .) 
was filtered off, washed well with water, and recrystallised 
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from ethanol; it had m.p. 233 - 234 0 (polonovski and Schmidt, 
1950, gave m.p. 23 00 ). 
2,4-Dimethyl-6-methylthiopyrimidine.- A mixture of methyl 
iodide (6.5 g .) and 4-mercapto-2,6-dimethylpyrimidine (6.0 g .) 
in N-sodium hydroxide (50 ml.) was shaken for three hours. 
After addition of more N-sodium hydroxide (25 ml.), crude 
2,4 -dimethyl-6-methylthiopyrimidine ( 5 . 6 g .) was extracted 
into chloroform. The solvent was removed , a nd the product 
distilled at 100-101 0/15 mID. The distilled material 
crystallised; the solid had m.p. about 28
0 (Found: C, 54.5; 
H, 6 .5; N, 18 .2. 
N, 17.9'% ). Th . t h b f th 1 h d 150
0 
e plcra e, as r om s rom e ano , a m.p. 
(Found: C, 40.8; H , 3. 4 • 
H, 3 .. 4%). 
5_Bromo_2-methoxypyrimidine.- 5-Bromo - 2 -chloropyrimidine 
(5.5 g .; Brown and Lyall, 1964) in methanol (2 5 ml .) was 
added to a stirred solution of sodium methoxide ( from sodium, 
0.65 g .) in methanol (100 ml.). The mixture was heated 
under reflux for one hour, cooled, and after the addition of 
solid carbon dioxide and ether, was filtered to remove the 
salts . Removal of the solvents gave 5_bromo-2-methoxypyrimidine 
(2.5 g .) as a solid which was recrystallised from aqueous 
ethano l as flattened needles, and had m.p. 59-60
0 
(Found: 
C,32.1; H,2.55; N, 14. 7 . 
H, 2.7; N, 14.8%). 
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5-Bromo-2-mercaptopyrimidine.- 5-Bromo-2-hydroxypyrimidine 
(9. 0 g.) and phosphorus pentasulphide (5. 0 g .) were heated 
together in refluxing pyridine (25 ml.) for two hours. The 
mixture was cooled, and poured into water (300 mL). The 
precipitated 5-bromo-2-mercaptopyrimidine (2.5 g.) was 
filtered off, and it recrystallised from water as bright 
yellow micro-crystals, m.p. 1800 (Found: N , 14 . 9 . 
5-Bromo-2-methylthiopyrimidine.- a ). Methyl iodide 
(1.5 g.) was a dded to a stirred suspension of 5-bromo-2-
mercaptopyrimidine (1.5 g.) and sodium hydrogen carbonate 
(5.0 gG) in water (100 ml.). After six hours, -sodium 
hydroxide (25 ml.) was added, and the 5-bromo-2-
methylthiopyrimidine was extracted into chloroform. The 
product (1.5 g.) was recrystallised from aqueous ethanol, 
o 
and had m.p. 67 (Found: , 13. 6 . 
(Cf. McOmie a nd White, 
Calculated for C5H5
Br 2 8 : 
1953 ) • 
b). An excess of aqueous sodium methyl mercaptide (Windus 
and 8hildneck, 1943) was added to a solution of 5-bromo-2-
chloropyrimidine (5.5 g.) in ethanol (50 ml.). The mixture 
was allow d to stand at 25 0 for 16 hours, and then diluted 
with water (200 ml.). Th prod~ct (3.0 g.) was recrystallised 
from aqu ous ethanol, 
o 
and had m.p. 67 , undepressed by 
dmi tur with an authenti specimen. 
2-Bromo-L~-m thoxypyrimidin This was obtained in 70% yield, 
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and had m. p ·'.' 77-780 (Found-_ C 31 8 H 2 5 , . ; , . ; , 14.6. 
Calcul ated for C
5
H
5
BrN 20 : C, 31 . 8; H, 2~7; 14 . 8 %). 
Van der p l as and Guertsen (1964) gave m. p . 66 - 67 . 5
0
• 
5 _Bromo - 4_mercaptopyrimidine .- 5 _Bromo - 4 - chloro pyrimidine 
(1. 0 g .; Chesterfield, McOmie , and Sayer , 1955) was added 
to a solution of thiourea (0 . 5 g . ) in ethanol (10 ml . ), 
and the solution was boi l ed for ten minutes. The mixture 
was refrigerated overnight , and the precipitated c omplex 
(1.1 g o) filtered off , and washed with a little cold ethanol . 
It was dissolved in -sodium hydroxide (10 ml.), the solution 
warmed to 60 0 , and acidified to pH 1 - 2 with - hydrochloric 
acid. The 5_bromo _4 - mercaptopyrimidine (0 . 8 g . ) was filtered 
off, and purified by dissolution in alkali , and repre c ipitation 
with acid . It had m. p . 185
0 (Found: C , 25 . 0; H, 1 . 75; 
, 14.4. 
, 14.7%). 
5_Bromo _4_methylthiopyrimidine. - a) . Methyl iodide (1 . 0 ml . ) 
was added to a solution of 5 _bromo _4 _mercaptopyrimidine 
( 0~8 g o) in N-sodium hydroxide (25 ml .), and the mixture 
shaken for two hours. A further quantity of -sodium hydroxide 
( 25 ml.) was added , and the product extracted into 
dichloromethan • The solvent was removed , and 5-bromo-4-
methylthiopyrimidine (0.75 g .) recrystallised from aqueous 
ethanol . It had m.p. 780 (Found : C, 29 . 2 ; H , 2 045; 
, 13.7%). 
N, 13.7. 
b). An c ss of aqueous sodium m thyl mercaptide was added 
to a solution of 5_bromo _4_chloropyrimidine (5 . 0 g . ) in 
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ethanol (20 mI .). An immediate precipitate of 5-bromo-
4-methylthiopyrimidine was formed , and the product (2.0 g .) 
was recrystallised from aqueous ethanol , and had m. p . and 
" 8 0 mlxed m.p. 7 • 
2- Methoxy - 5-nitropyrimidine.- 2-Chloro-5 - nitropyrimidine 
(7.5 g .; Roblin , W"inneck , and English, 1942 ) in methanol 
(25 mI. ) was added to a stirred solution of sodium 
methoxide ( from sodium , 1.1 g .) in methanol, (15 0 mI.) 
and the mixture heated under reflux for one hour. Solid 
carbon dioxide and ether were added to the cooled mixture , 
and the salts were filtered off . After evaporation of 
the solvents , the residual 2 -methoxy-5-nitropyrimidine 
(3 .1 g .), recrystallised from light petroleum, had m.p. 
69-70 0 ( Found : C , 38 . 3; H , 3 . 4; N, 27 .1. Calculated 
,27.1%) (Cf. S tempel, 
Brown , and Fox, 1963 , who gave m. p . 65-6 60 ) . 
2-Mercapto-5-n itropyrimidine.- 2_Chloro-5-nitropyrimidine 
(0. 5 g .) was added to a solution of thiourea ( 0.3 g .) in 
ethanol (6 ml. ). The sol ution was boiled for one minute , 
a nd refrigerated overnight . The separated solid was 
filtered off and washed with a little cold ethanol. 
Recrystallised from ethanol , the thiouronium chloride 
had m.p. 195 0 ( d c .) (Found : C , 25 . 5 ; H , 2 . 6 . 
requires C, 25 . 5; H , 2 . 6% ). It was dissolved in - sodium 
o 
hydroxide (1 0 mI.), the solution warmed to 50 , and then 
I: 
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acidified to pH 1-2 with N-hydrochloric acid . After 
refrigeration , the precipitated 2-mercapto - 5-nitropyrimidine 
( 0.4 g .) was purified by dissolution in alkali and 
reprecipitation with acid . 
o 
It had m. p . 2 17 ( dec .) 
( Found : C, 30 . 6; H, 1. 9; N, 26.6. 
C, 30 . 6; H , 1. 9 ; N, 26 . 7%) . 
2-Methylthio - 5- nitropyrimidine . - This compound was 
prepared in 10% yield by the method of Boarland and McOmie 
( 195 1 ): after sublimation , the product was recrystallised 
from light petroleum , and had m. p . 84-850 (Found : C , 35 . 4 ; 
H , 3 . 1 ; N, 24. 3 . 
H, 2 . 9; , 24.55% ) . 
b ). Alkylaminopyrimidines . 
2-Butylaminopyrimidine . - Butylamine ( 6 0 65 g. ) and 
2-methoxypyrimidine ( 5 . 0 g .) were heated at 150 0 for eight 
hours . The cooled reaction mixture was diluted with 
2N-hydrochloric acid to pH 2 , and xtracted with ether. 
The aqueous phas was basified t o pH 7, and the product 
extracted into ether . Evaporation and distillation gave 
2-butylaminopyrimidine ( 3 . 4 g. ) , b . p. 11 9- 12 10 /24 mm. 
The product was further identifi d as its picrate, m. p . 
o 130 , 
undepr ssed by admixtur with an auth ntic specimen prepared 
by Brown and Lyall ( 1964 ). 
I 
98 
4-Butylaminopyrimidine.- a). Sublimed 4 - chloropyrimidine 
hydrochloride ( 3 . 5 g .; Boarland and McOmie , 1 951 ) was heated 
with butylamine (1 0 . 0 g .) in ethanol (25 mI .) for three hours 
on the steam bath. The cooled mixture was diluted with 
2N-hydrochloric acid ( 250 mI.), and the solution was 
a dj usted to pH 10 with 2N-sodium hydroxide . Extraction 
with ether gave 4 -butylaminopyrimidine ( 3 . 5 g .) m.p. 62 . 5 - 63 0 
after recrystallisation from a mixture of benzene and 
light petroleum (Found: C, 63 . 5 ; H , 9 . 0; N, 27 . 9 . 
The p icrate 
separated from aqueous ethanol as a hemi-ethanolate , 
m.p. 127 -1 28 0 (Found : C , 44.8; H , 4.5. 
requires C, 44.7; H , 4 .8%) but dried at 80 0 /0.5 mm. it 
lost ethanol (Found: C, 44.4; H , 4 . 2 . 
requires C, 44.2; H , 4.2%). 
b)o Butylamine ( 2 . 66 g .) and 4-methoxypyrimidine ( 2 . 0 g. ) 
were heated at 150 0 for 2 . 5 hours . The cooled reaction 
mixture was diluted with N-hydrochloric acid to pH 4, and 
then extracted with ether . The aqueous phase was adjusted 
to pH 8, and th product extracted into ether . Recrystallisation 
of the residue after removal of the ether gave 
o 
4-butylaminopyrimidine ( 2 . 05 g .) , m.p. and mixed m. p . 62 - 63 • 
4-t-Butylaminopyrimidine.- From sublimed 4-chloropyrimidine 
hydrochloride ( 2 . 5 g. ) and t-buty lamin (1 0 mI.) in 
ethanol ( 25 mI.) was obta ined by method ( a ) above , 
4-t-butylaminopyrimidine (0 . 5 g .) which recrystallised from 
- ~-~- - - -
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cyclohexane, and had m.p. 143 0 (Found : C , 63 . 4; H , 8 . 8; 
N , 27 . 8 . 
, 27 . 8%). 
2-Butylamino-4-methy lpyrimidine.- 2 -Chloro - 4 -m ethylpyrimidin e 
(4.0 g .; Howard, 194 9 ) a nd butylamine ( 7 . 0 g .) were heated 
for four hours on the steam bath . The reaction mixture 
was diluted with 2N-hydrochloric acid ( 200 ml.) and the 
solution adjusted to pH 8 . The pro duc t (1.8 g .) was 
extracted into ether , a nd after removal of t he solvent, 
2 -butylamino -4-methylpyrimidine distilled at 122- 123 0 /12 mm. 
(Found: N , 25 . 0 . Calculated for C9H15N3: N, 25 .4%) .. 
The picrate, as needles from ethanol , h a d m.p. 13 8 -139 0 
(Found: C, 45.7; H , 4.7. Calculated for Cl~18 6 07 : 
C , 45.7; H, 4.6%). Andersaag and Mau ss (1951) gave for 
the free base, b.p. 109-1100 / 9 mm., and for the picrate, 
m.p. 133- 134 0. 
5-Bromo - 2 -butylaminopyrimidine .- A mixture of 5-bromo-2-
chloropyrimidine (1. 5 g .) and butylamine (6 ml.) in ethanol 
(1 0 ml.) was heated under reflux for three hours. The 
cooled reaction mixture was diluted with water ( 200 ml.) 
and the separated 5 -bromo- 2-butylaminopyrimidin e (10 3 g .) 
was recrystallised from aqueous ethanol , and had m.p. 97-98 0 
(F ound: C , 42. 2 ; H, 5 . 1 ; , 18.1. 
C, 41.75; H , 5 .. 3; N, 18.3%) . 
5-Bromo -2- t -butylaminopyrimidine.- By the same method , 
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from 5 -bromo-2-chloropyrirnidine (0.5 g.) and t-butylamine 
(1.5 ml. ) in ethanol (5 ml.) was obtained 5 - bromo-2 - t-
butylaminopyrirnidine (0.15 g .), m.p. 79 0 (Found: C, 42 . 2; 
H, 5.4; N, 18 .3. H , 5 . 3; 
N , 18.3%). 
2-Bromo-4-butylaminopyrirnidine.- 5-Bromo-4-chloropyrirnidine 
(3.0 g .) in ethanol ( 5 ml.) was added to butylamine ( 6 ml .) 
in ethanol (5 ml.). After the initial exothermal reaction, 
the mixture was heated under reflux for one hour. The 
cooled solution was diluted with 2N-hydrochloric acid 
( 200 ml.) and the solution adjusted to pH 6 , after which 
the product was extracted into ether . After removal of 
the ether, 5-bromo-4 -butylarninopyrimidine (2.6 g. ) distilled 
at 14 6 -147 0 / 1 2 mm. (F 0 und : C, 4 2 . 2 ; H , 5 • 5 ; N, 1 8 • O. 
, 18.3%). The 
picrate, as leaflets from aqueous ethanol, had m.p. 144-145 0 
(Found: C, 36.8; H, 3.1. 
H " 3;i3~). 
2=Bromo-4-t-butylaminopyrimidine.- In the same way, 
5-bromo-4-chloropyrimidine (4.0 g .) and t -bu tylamine (8 ml.) 
in ethanol (20 ml.), heated on the steam bath for six hours 
gave 5-bromo-4 - t-butylaminopyrirnidine (4.0 g .), b.p. 
130-1320 /12 mm. (Found: C, 41.2; H, 5 .2; ,18. 6 . 
The C8H 12BrN3 
requires C, 41~75; H,5.3; N ,18.3%). 
picrate, as ne dles from isobutyl methyl ketone, had 
i 
: 
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m.p. 186 -1 87 0 (Found: C, 36.9; H, 3.3. 
requires C, 36.6; H, 3.3%). 
2-Butylamino-5-nitropyrimidine.- a). 2-Chloro-5-
nitropyrimidine (0. 5 gp ) was added to a solution of butylamine 
(1. 5 mI.) in ethanol ( 25 mI.). The mixture was warmed 
to 60 0 , cooled, and diluted with water (150 mI.). The 
separated solid was recrystallised from 95~ ethanol to 
give 2-butylamino-5-nitropyrimidine (0.4 g .), m.p. 123 -124 0 • 
Waletzky (19 5 1) gave m. p. 122 0 • 
N, 28.2. 
, 28.6%). 
b). Butylamine (0. 5 mI.) was added to 2-methoxy-5-
nitropyrimidine (0.1 g .). There was an immediate exotherm, 
and the product (85 mg9) crystallised. It was recrystallised 
o from 95% ethanol , and had m9p9 and mixed m.p. 124 • 
2-t-Butylamino-5-nitropyrimidine.- From either 2-chloro-5-
nitropyrimidine, or 2-methoxy-5-nitropyrimidine was obtained 
2-t-butylamino-5-nitropyrimidine, m.p. 128 0 (Found: 
C, 48.8; H, 6.3; N, 28.5. 
H, 6.2; N, 28.6%). 
I 
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c ). N-Alkyl-2 -( or 4-)oxopyrimidines. 
i ) By Primary Synthesis. 
1-Butyl-1,2-dihydro-2-oxopyrimidine.- Hydrochloric acid 
(25 mI.) was added to a mixture of 1-ethoxy-1,3,3-trimethoxy-
propane (18.5 g .) and ~-butylurea (12.0 g .) in ethanol 
(60 mI.). After three days, the ethanol was removed under 
diminished pressure, and the residue was dissolved in water 
and neutralised with dilute aqueous sodium carbonate. The 
product was extracted into chloroform, and the extrac t 
passed through a short column of activated alumina. After 
removal of the solvent, 1-butyl-1,2-dihydro-2-oxopyrimidine 
(11.5 g .) was recrystallised from a mixture of acetone and 
light petroleum, and had m.p. 40-41 0 (Found: C, 63.45 ; 
H, 7 .8; N, 18 . 2 . 
N, 18.4%). 
1-s-Butyl-1,2-dihydro-2-oxopyrimidine .- A mixture of 
~-s-butylurea (15.0 g .), ethoxytrimethoxypropane (23.0 g .) 
and hydrochloric acid ( 30 mI.) in ethanol (65 mI.) similarly 
yielded 1-s-butyl-1, 2 -dihydr o-2 -oxopyrimidine ( 8 .3 g .), 
with m.p. 48-50 0 after recrystallisation from a mixture of 
acetone and light petroleum (Found: C, 63 . 2; H, 8.0; 
N, 18.3. , 18.4%). 
1-t-Butyl-1,2-dihydro-2-oxopyrimidine .- A mixture of 
~-t-butylur a (5.0 g .), ethoxytrimethoxypropane (7.7 g.), 
and hydrochloric aci d (12 mI.) in ethanol (100 mI.) likewise 
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gave 1-t-butyl- 1,2-dihydro-2 -oxopyrimidine (0 . 65 g .) with 
o 
m.p. 13 1-13 2 after recrystallisation from a mixture of 
aceton e and light petroleum (Found: C, 63 . 3; H, 8 . 0 ; 
N, 18.6. 
The picrate, as needles from ethanol, had m.p. 1500 dec.) 
(Found: C, 44.0; H, 4.1. 
H, 4.0%). 
1-E thyl-1, 2-dihydro-2-oxopyrimidine .- Similarly, from 
ethoxytrimethoxypropane (20.2 g. ), ~-ethylurea (10.0 g .), 
and hydrochloric acid (20 mi.) in ethanol ( 50 mi.) was 
obtained 1-ethyl- 1, 2 -dihydro-2-oxopyrimidine ( 4 .0 g. ) with 
m.p. 64-65 0 after recrystallisation from a mixture of ethyl 
acetate and light petroleum (Found: C, 57.8; H, 6.5; 
N, 22.5. , 22.6% ). 
Th picrate crystallised as needles from water, and had 
m.p. 131 0 (Found: C, 40.8; H, 3.0. 
C,40.8; H,3.1%). 
1,2-Dihydro-1-isobutyl -2-oxopyrimidine .- In the same way, 
from -isobutylurea (1 5 g .), ethoxytrimethoxypropane ( 25 g .), 
and hydrochloric acid (30 mi.) in thanol (100 mi.) was 
obtained 1,2-dihydro-1-i sobutyl-2-0~opyrimidine (8.5 g .), 
which was recrystallised from a mixture of acetone and light 
p troleum, and had m.p. 84-85 0 (Found: C, 63.0; H, 8.0; 
N, 18.3. , 18.4~ ). 
I 
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1, 2-Dihydro- l- isopropyl-2-oxopyrimidine.- A mixture of 
ethoxytrimethoxypropane (17.5 g .), ~-isopropylurea (1 0 . 0 g .), 
and hydrochloric acid (20 mI. ) in ethano l (100 mI .) similarly 
gave 1, 2 -dihydro-l-isopropyl- 2 - oxopyrimidine (6.2 g .) with 
m.p. 90 0 after recrystallisation from a mixture of acetone 
and light petroleum (Found : C , 60,,5; H, 7 . 4; N, 20 . 2 . 
C
7
H 10N2 O requires C, 60.85 ; H , 7,,3; N, 20 . 3% ). The picrate, 
as flat plates from ethanol, h a d m.p. 166-1 67 0 (F ound : 
C, 42.6; H, 3 . 5 . 
1, 2 -Dihydro- l-methyl- 2 -oxopyrimidine.- Similar ly, from 
~-methylurea ( 4 . 0 g .) , ethoxytrimethoxypropane ( 9 . 5 g ,,) 
and hydrochloric acid (8 mI .) in ethanol ( 30 mI .) was obtained 
1,2-dihydro-l-methyl-2-oxopyrimidine (1.6 g .), which was 
recrystallised from acetone , and had m.p. o 131-132 ( Brown , 
Hoerger , and Mason , 1 955 , gave m.p. 127 - 128 0 ) (Found: 
C , 54 • 8 ; H, 5 . 8 ; Calculated for C~6 20 : C , 54 . 5 ; 
1, 2-Dihydro-1,4, 6 - trimethyl-2-oxopyrimidin e. - This was 
pr pared in 35% yield from acetylacetone and _-m ethylurea . 
The yellow product was recrystallised from benzene, and had 
o 
m.p. 6 1-62 • It turned pink on e posure to a ir due to 
absorption of wat r . (Found: C, 60 . 2; H , 7 .3 ; , 20 . 0 . 
C, 60 . 85; H , 7.3; , 20.3% ). 
o (Cf. Hale, 19 14, who gave m.p. 63 , and Marshall and Walker, 
1 95 1, who gav m.p. 6 1_62
0 ). 
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1,2-Dihydro-2-oxo-1-phenylpyrimidine.- From ~-pheny~urea 
(14eO g .), ethoxytrimethoxypropane (1 8 .0 g .), and hydrochloric 
acid (20 mI.) in ethano l (10 0 mI. ) was obtained 1,2-dihydro-2-
oxo-1-ph enylpyrimidine (2.5 g .), with m.p. 155- 156 0 after 
recrystallisation from aqueous ethanol ( Found : C , 69 . 8; 
H , 4.5; N , 16.2. 
N, 16 .3%). 
1,2-Dihydro-2-oxo-1-propylpyrimidine.- Similarly, 
~-propylurea (1 0 .0 g. ), ethoxytrimethoxypropane (17.5 g .), 
and hydrochloric acid (20 mI. ) in ethanol (50 mI .) yielded 
1,2-dihydro-2-oxo-1-propylpyrimidine (3.2 g. ) which was 
recrystallised from a mixture of acetone and light petroleum , 
and had m.p. 36-37 0 (Found: C, 60 . 5; H, 7.2; N, 20 . 0 . 
1,2-Dihydro-2-oxo-1-p- tolylpyrimidine.- In the same way, 
a mixture of _-E- tolylurea ( 5.0 g .), ethoxytrimethoxypropane 
( 5 . 9 g .), and hydrochloric acid ( 7 mI.) in ethanol ( 250 mI.) 
gave 1, 2-dihydro- 2-oxo-1-p-tolylpyrimidine (3.2 g .), 
m.p. 142-1430 after recrystallisation from ethanol (Found: 
C, 71.25; H, 5 . 5; , 14. 9 . 
H , 5 . 4 ; N, 1 5 • 05% ) • 
ii ). By Alkylation of Hydroxypyrimidines. 
1-Ethyl-1, 2 -dihydro - 2 -oxopyrimidin~ .- 2 -Hydroxypyrimidine 
I 
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( 4 .8 g .; Brown, 1950), ethyl iOdide (8.0 g.) and sodium 
ethoxide (from sodium, 1.15 g .) in ethanol (30 mI.) were 
heated together under reflux for eight hours. The ethanol 
was distilled off, and the gummy residue shaken with 
chloroform. The extract was passed through a short 
column of activated alumina. The solvent was removed, 
and the 1-ethy l-1,2-dihydro-2-oxopyrimidine (2.3 g.) was 
recrystallised from a mixture of ethyl acetate and light 
o petroleum, and had m.p. 64-65 , undepressed by a dmixture 
with a specimen prepared by Primary Synthesis. 
1,2-Dihydro-l,4-dimethyl-2-oxopyrimidine.- 2-Hydroxy-4-
methylpyrimidine hydrochloride (6.4 g.), methyl iodide 
(6.5 g.), and sodium ethoxide (from sodiQm, 2.0 g.) in 
ethanol (60 mI.) were heated together under reflux for 
four hours. After removal of the ethanol, the product 
was worked up as before, giving 1,2-dihydro-l,4-dimethyl-2-
oxopyrimidine (1 0 0 g.), m.p. 156-157 0 , after recrystallisation 
from a mixture of benzene and light petroleum (Found: 
C, 57. 9 ; H, 6. 7 ; N, 22. 9. 
H, 6. 5 ; N, 22. 6'{'o.) • 
singlet, N-methyl), 3078, 2.37 (Doublets, ~=7 c./sec., 5-
and 6-H). 
1,6-Dihydro-l-methyl-6-oxopyrimidine.- This comp ound was 
prepared by methylation of 4-hydroxypyrimidine with dimethy l 
sulphate;il according to the method given by Hu.nig and Oette 
10 7 
(1 96 1), in 5~ yield . It had m.p. o 128-129 , undepressed 
by admixture with an authentic specimen (Brown, Hoerger, 
and Mason , 1955 ) ( Found : C, 54 . 6; H, 5.2; N, 25 . 2 . 
Calculated for C5H6N20: C, 54.5; H, 5 . 5; N, 25.4%). 
~( CDC13) 6 . 44 (singlet, ~-methyl ), 3 . 52 , 2 . 05 (doublets, 
J = 7 c./sec., 5- and 4-H), 1. 80 ( singlet, 2-H ). The 
former authors have numbered the product as 1,4-dihydro-l-
methyl-4-oxopyrimidine in error . 
5-Bromo-l, 2 -dihydro- l-methyl - 2-oxopyrimidine.- An ethereal 
solution of diazomethane ( from nitrosomethylurea, 10 . 0 g .; 
ether , 14 0 mI.; and 40% potassium hydroxide, 40 mI .) was 
added to a suspension of 5-bromo-2-hydroxypyrimidine (3.65 g .) 
in ether ( 50 mI.). A vigorous evolution of nitrogen 
ensued , and the resulting mixture was left to stand for 
16 hours at room temperature . The precipitated 5- bromo -
1, 2 -dihydr o-l-methYl- 2 - oxopyrimidine (1. 88 g .), recrystallised 
o from isobutyl methyl ketone , had m.p. 2 10- 2 11 , after 
d arkening at 170 0 ( Found: C , 32.6; H , 2 . 8 ; 
C5H5BrN2 0 requires C , 3
1 .8; H , 2 .7; N,1 4 . 8% ). The 
ethereal filtrate was evaporated , and the residue of 5-
bromo-2-methoxypyrimidine (0.85 go ), recrystallised from 
aqueous ethanol , had m.p. and mixed mop. with an authentic 
specimen 59-60 0 • 
5-Bromo-l,6-dihydro-l-methyl-6-oxopyrimidine.- In the same 
way, from 5 -bromo-4-hydroxypyrimidine ( 3 . 65 g .) and ethereal 
-108 
diazomethane was obtained 5 -bromo-1 , 6-dihydro-1 - methyl-6 -
oxopyrimidine (1. 5 g .) which was recrystallised from 
ethanol , and had m.p. 158 -1 590 (Found: C, 31.9; H , 2 . 6 ; 
N , 14. 65 . 14. 8% ) • 
The ethereal solution yielded 5 -bromo-4-methoxypyrimidine 
(0. 5 g .), m.p. and mixed m.p. 77 -78° . 
( 5 ) MEASUREMENT OF REACTION RATES. 
a ). Isomerisation Reactions. 
i). Spectrophotometric Method . 
A mixture of the alkoxypyrimidine (1 mOle) and 
the appropriate tertiary amine (5 mOles) was prepared , and 
aliquots containing approximately 0.001 mol. of alkoxypyrimidine 
were measured by volume in a 0.5 mI. syringe and weighed 
into short lengths of !Pyrex ! glass tubing of 5 mm. bore 
and 1 mm. thiclcn SS e The tubes were sealed, and placed 
in a thermostatically controlled bath for the required 
times. After cooling, the contents of each tube were 
carefully washed into a volumetric flask with absolute 
ethanol, and suitable dilut ions were made for spectro scopic 
measurements against a stand ard solution of untr ated 
109 
alkoxypyrimidine . 
Suitable wavelengths at which the disappearance 
of the alkoxypyrimidine and the appearance of the isomerization 
product could be measured were selected af t er reference to 
the spectra of the pure compounds. In each case, authentic 
mixtures of alkoxypyrimidine and ~-alkyl-oxopyrimidine were 
prepared, their spectra recorded, and from these, an appropriate 
correction determined for the absorption of the isomerisation 
product at the wavelength of maximum absorption of the 
starting material. The appearance of the ~-alkyl isomers 
was followed at 310 m~, or at 304 mM in the case of 
2-methoxy-4,6-dimethylpyrimidine, and the disappearance of 
the 2-alkoxypyrimidines, was followed at 265 mM. 
The first-order r ate constants were calculated 
from the plots of logarithm (initial concentration of 
alkoxypyrimidine!observed concentration of alkoxypyrimidine ) 
against time. 
ii). Vapour Phase Chromatographic Method . 
Tubes containing the reaction mixture were heated 
as before. After cooling, aliquots of each heated mixture 
were injected on to a column of polyethylene on fire-brick 
at 1600 • The areas of the peaks corresponding to the 
4-methoxypyrimidine were measured by planimeter, and compared 
with that rom an equal a liquot of the original reaction 
110 
mixture. 
measured: 
Thus the disappearance of 4-methoxypyrimidine was 
samples of undiluted 4-methoxypyrimidine were 
also injected as blanks, and this showed that rearrangement 
on the column could not be detected, and could therefore 
be neglected. 
The ~-methyl-oxopyrimidine was too strongly 
adsorbed on the column for its appearance to be followed. 
b). Aminolysis Reactions. 
i). Spectrophotometric method. 
In the case of liquid ethers and thioethers, 
mixtures of the pyrimidine derivative (1 mOle) and primary 
amine ( 2 moles) were similarly prepared, and aliquots 
containing approximately 0.001 mol . of the pyrimidine compound 
were weighed into 'Pyrex' tubes as before. In the case 
of solids, approximately 0.~1 mol. of the ether or thioether 
was weighed into the tube, and the amine (0.002 mol. , 
measured by volume in a 0.5 ml. syringe) added before the 
tube was sealed. The sealed tubes were heated as before. 
The cooled contents of each tube were ~gain 
carefully washed with absolute ethanol into a volumetric 
flask, from which suitable dilutions for spectroscopy were 
made in ethanol~ or appropriate buffers. The analytical 
wavelengths at which the disappearance of the ethers or 
I') 
I! 
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thioethers and the appearance of the aminopyrimidines could 
be measured were selected from the spectra of the pure 
compounds , and authentic mixtures of starting materials and 
products were prepared, and the spectra of these mixtures 
used to calculate the necessary correction factors. 
The solvents used, and the analytical wavelengths 
chosen for each pyrimidine deriva t ive are recorded in Table 18 
The apparent first-order rate constants were calculated 
graphically as before . 
ii ) • Vapour Phase Chromatographic Method. 
The same method was followed as for the isomerisation 
reacti ons. gain, the 4-butylaminopyrimidine was too 
strongly adsorbed on the column for its appearance to be 
followed , but duplicate runs were carried out , and the 
appearance of the amine was followed spectrophotometrically . 
., 
I 
I 
PYRIMIDINE DERIVATIVE 
2 - Methoxy 
2 - Ethoxy 
2 - Propoxy 
2 - Isopropoxy 
2 - Butoxy 
2 - s - Butoxy 
2 - Isobutoxy 
2 -Methoxy- 4 - methyl 
2 - Methoxy- 4 , 6 - dimethyl 
4 - Methoxy- 2 , 6 - dimethyl -
5 - Bromo - 2 - methoxy 
5 - Bromo - 4 - methoxy 
2~Methoxy- 5 -nitro 
I' 
TABLE 1 8 
* SOLVENT 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
ANALYTICAL WAVELENGTH (mp) 
FOR DISAPPEARANCE OF FOR APPEARANCE OF 
ETHER OR THIOETHER AMINO PYRIMIDINE 
265 JI0 
265 JI0 
265 JI0 
265 JI0 
265 JI0 
265 JI0 
265 JI0 
266 J05 
264 JO'-l· 
217 275 
286 J28 
226 290 
271 JJ8 
-.1 
..... 
N 
J 
TABLE l§ ( CONT'D). 
2 - Methyl thio - 5-nitro E 350 350 
4 - Methoxy pH 10.0 280 
2 - Methylthio pH 2 . 0 258 320 
2 - Ethylthio pH 2 . 0 258 320 
2 - Isopropylthio pH 2 . 0 258 320 
4 - Methylthio pH 0 . 0 310 
4 -Ethylthio pH 0 0 0 310 
-1 
\..J 
4 - Methyl - 2 - methylthio pH 4 . 0 250 315 
4 , 6 - Dimethyl - 2 - methylthio pH 4~o 250 315 
2 , 6 - Dimethyl - 4 - methylthio pH 1 . 0 300 258 
5 - Bromo - 2- methylthio pH 0 . 0 265 350 
5 - Bromo - 4 - methYlthio H - l.0 
0 
320 265 
* Ethanol (E) or aqueous buffer of given pH . 
..:J 
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( 6 ) REACTI ONS WITH t-BUTYLAMINE . 
a ) • 2-Methoxypyrimidine.- A mixture of 
2-methoxypyrimidine (0 . 55 g .) and t - butylamine (0 . 73 g .) 
° was heated at 150 for 16 hours . Light petroleum (1 0 mI .) 
was added to the cooled mixture , and the 2 - hydroxypyrimidine 
(0.20 g o) filtered off , and recrystallised from ethanol . 
It had m. p . 180- 181°, and was further identified as its 
picrate , m. p. 202-203° (dec.), undepressed by a dmixture with 
an authentic specimen ( Found : C , 37 .1; H, 2 . 2 . Calculated 
b ) • 4-Methoxypyrimidine .- mixture of 4 -m ethoxypyrimidine 
( 0 . 5 gG ) and t-butylamine ( 0 . 66 g .) was similarly heated at 
150° for 16 hours . After addition of light petroleum to 
the cooled mixture, 4-hydroxypyrimidine ( 0 . 25 g .) was 
filtered off , and recrystallised from ethanol . It had 
m. p . and mixed m.p. 167-168°, and was further identified 
as its picrate , m.p. and mixed m.p. 192-1 93° . 
--
---- ~~ 
Albert and Barlin , 
Al bert and Barlin , 
115 
REFERENCES 
1 959. J . Chern. 
1962. J . Chern. 
Soc . , 2384. 
Soc . , 3129 . 
Albert and Serjeant , 1962. ItIonisation Const ant s of Acids 
an d Bases lt , Methuen, London. 
Andersaag and Mauss , 1951. 
Andrews, Anand, Todd , and Topham, 1 949 . 
Angerste in, 1901. Ber . , 34, 3956 . 
VVM 
Andrisano and Modena, 1951. Gazzetta, 81 , 405 . 
VWVI 
Arrnarego , 1 965. J . Chern. Soc ., 2778 . 
Baddeley, 1950. J. Chern. Soc ., 663 . 
Barber, Wilkinson , and Edwards , 1947. ~. Soc . Chern . Ind., 
66, 41l. 
VWYI 
Bender and Turnquest, 1957. ~ . Amer . Chern. Soc ., ~, 1656 . 
Bliss and Deitz, 194.4 . Bull . Johns HO]2kins Ho S]2 . , 75 , 
'(WI 
1. 
Boarland and McOrnie , 1951. ~ . Chern. Soc ., 1218. 
Boarland and McOrnie , 1952. J. Chern. Soc . , 3716 . 
Borrows, Clayton, Hems, and Long, 1949. J. Chern. Soc . , S 1 90 . 
Borsche , 1923. Ber . ? 56 B , 1488; 1494 . 
-- VWWWV\ 
Brady and Cropp r, 1 950 . ~. Chern. Soc. , 507 . 
Brown , 1950. Nature , 165, 1 010. 
VVWW\ 
Brown, 1954, ~ . ~. Chern., ,#., 72. 
Brown , 1959. ~ . Chern. Soc . , 3647 . 
Brown , 1962. "Th Pyrimidines It , Interscience , ew York . 
( a ) p.371; (b) p . 8 . 
Brown , England, and Lyall, 1 966 . ~ . Cheoo. Soc ., 226 . 
Brown a nd Harp r, 1963. ~. Chern. Soc ., 1 276 . 
Brown , Hoerg r , and Mason , 1 955. J . Chern. Soc ., 211. 
116 
Brown and Lee, 1966. Unpubl ished work . 
Brown and Lyall, 1 964 . 794. Austral. .I. Chern . , 17, W"tWI 
Brown and Lyall, 1965. Austral. .I. Chern. , 18, /lfWrII 741 ; 1811 • 
Brown and Short, 1953. .I. Cherng Soc . , 331. 
Bruice an d Schmir , 1957 . .I. Amer. Chern. Soc ., 79 , 1 663 . 
NVW\ 
Bunnett , 1 958. Quart . Rev., ~ ... ~'\ ' 1. 
Bunnett , 1 961 . in "Technique of Organic Chemistry", ed. 
Weissberger, Interscience , ew York, Vol. 8 , part 1. 
( a) p . 204; (b) p. 239 . 
Bunnett and Garst , 1 965 . .I. Arner. Ch ern. S o c .,~, 3879 . 
Bunnett and Zahler, 1951. Chern . Rev., 49, 273 0 
1\'\''1'\'\ 
Burness , 1956. J. Org. Chern ., ~, 97 . 
Cahn, 1 931. .I. Chern . Soc . , 1121. 
Carrin gton, 1944. :I . Chern . Soc ., 124. 
Chapman, 1 955. Ch ern . Soc . S]2ecial Publ. , ,2vr 1 55 . 
Ch apma n and Rees, 1 954. .I. Chern. Soc ., 11 90 . 
Chapman and Russell-Hill, 1 956 . 
Chesterfield, McOrnie, and Sayer , 1955. :I . Chern . Soc ., 3478 . 
Chu and Mautner, 1966. :I.~. Chern ., ~, 308 . 
Coh n and Witkop, 1 964 . in "Mo l ecular Rearrangements", 
d. p. de Mayo , Interscience, ew York, Vol. 2 , p. 981 . 
Connors and B nd r , 1 961. 
Conrad and Lirnpach, 1 887 . 
Cressw 11 and Strauss , 1 963 . 
.I . Org. Chern.,~, 2498 . 
Ber ., 20 , 956 . 
/VWI 
.I . Org . Chern., ~ 2563. 
Crowell, 1953 . :I. Arner . Ch e rn. Soc .,::J:Jn, 6046 . 
Curd and Ro s ,1946 . .I. Chern. Soc ., 343 . 
Dani l s , Grady , and Bauer , 1 965 . !. Amer. Ch e rn. Soc ., 
87, 1531 . 
IWYI 
117 
Davies, 1955. Trans. Faraday Soc ., 51, 449. 
-- :"''\'WI 
Dinan, Minnerneyer, and Tiecke1rnann , 1963. J. Org . Chern., 
28 , 1015 . 
/W'M 
Dinan and Tiecke1rnann, 1964. _J. Or g . Chern ., 29 , 1 650 . 
-- M'WI 
Fal co , Russell, and Hitchings, 1 951. J. Amer. Chern . Soc ., 
73, 3753. 
"""l)'l 
Foster and Mackie, 1962. Tetrahedron , ~, 1131. 
Gould, 1 962 . "Mechanism and Structure in Organic Chemistry" , 
Henry Holt, New York, p . 261. 
Greizerstein , Bonelli? and Brieux , 1962. ~. Amer. Chern. Soc . , 
84 1026. 
1''''\''' ' 
Haitinger and Lieben, 1885. Monatsh.,~ 279 . 
Hale , 1914. ~. Amero Chern. Soc ., 36, 104. 
-- I'V\'I'n 
Hale and Williams, 1 915. J . Amer. Chern. Soc ., 37, 594 . 
IWl'I'Yl 
Heitrneier, Spinner , and Gray , 1 961 . J. Org. Chern. , 26 , 441 9 . 
- -- f"ItIIvrI 
Hilbert and Jansen, 1935. ~. Amer. Chern . Soc ., 57 , 552. 
-- -- N'/VYl 
Hill and Krause? 1964. ~. Org. Chern ., J-.2. , 1642. 
Hine and Hine, 1952. ~. Amer. Chern . SOC "A~' 5266 . 
Hitchings and Russell, 1949. ~. Chern . Soc ., 2454 . 
Howard, 1 949 . 
Hughes and Thompson , 1950. ~. Proc . Roy. Soc . _.~. ',,"ales, 
83 ,269 • 
. ~ 
Hull, Lovell, Openshaw, and Todd, 1947. 
Hunig and Oette, 1961. Annalen, 640 , 98 . 
/VWW'II 
~. Chern. Soc ., 41 . 
Hunt, McOrnie, and Sayer , 1 959 . ~. Chern. Soc ., 525 . 
k h ara , Ueda , Horikawa, a n d Yamazaki, Pharrn. Bull. (Japan) , 
10, 665 • 
. NVVYI 
-
I 
118 
Illuminati, 1964. Adv . Heterocyclic Chem ., ~, 285 . 
Ingold, 1953. "Structure and Mechanism in Organic Chemistry", 
Corn ell , ew York , p . 31 6. 
Johnson an d Hilbert , 1 929 . 
Johnson and Joyce , 1 91 5 . ~. 
Johnson and Mackenzie , 1909. 
Science , 69 , 579 . 
I'(Wy\ 
Amer . Chem. Soc ., 37 , 215l. 
fWW\ 
Amer . Chem. ~., ~ , 353 . 
Karmas and Spoerri, 1957. ~. Amer . Chem. Soc ., l2' 680 . 
Katritzky and Lagowski , 19 60 . Adv . Heterocyc l ic Chem., ~ 311. 
Kauffmann and Fritz, 1 910 . Ber ., ~, 1214. 
Kenner, Reese, and Todd , 1955. ~. Chem. Soc ., 855 . 
Kenner and Todd , 1957 . in "Heterocyc li c Compounds", 
ed . E1derfie1d , Wiley , ew York , Vol . 6 , p. 254. 
Kirrmann and De1puech , 1963. Compt. rend., t.:J2 , 127. 
Kober an d Ratz, 1962. ~. Org. Chem., ~ , 2509 . 
Ko gon, Minin, and Overberger , 1955. Org . Synth., ~, 34. 
Krackov and Christensen , 19630 ~. Org. Chem., ~, 2677. 
Kuko1j a , Crnic, and Ko1bah , 1963 .. Tetrahedron, 19, 1153 . NWV\ 
Lavrishchev, P1akidin, and Kretov, 1 960 . Zhur. obshchei Khim ' 9 
30, 306Lt . • 
MWI 
L ff1er, 1 955 . ~. Org. Ch em . 9~' 1202. 
Longuet-Hi ggins and Coul son, 1947. Trans . Faraday Soc ., ~, 87 . 
McCormack, 19640 Ph .D. Th esis, Yale University . 
McCormack and Mautner , 1 964 . ~. Org o Chern.,~, 3370 . 
McOmie and White, 1953. ~. Chem . §QQ., 3129. 
Marryott and Smi th , 1 951. at1 . Bur . Standards Cir . 514 . 
Marshall an d Walk r, 1 951. ~. ~. Soc ., 1004 . 
Mason, 1962. in "The Pyrimidin s 11, Interscience , 
ew Yorl , p . 477. 
I 
119 
Matsukawa a n d Ohta, 1 949 . ~o Pharrn. Soc . Japan, 69 , 489 . 
"'"'" 
Matsukawa and Shirakawa , 1 951. ~. Pharrn. Soc . Japan , 71 , 1 313. 
~ 
Minnerneyer , Egger, Holland, and Tiecke1rnann, 1 961. 
2. Org. Chern., ~, 4425. 
Moe1wyn-Hughes, 1 947 . "Kinetics of Reactions in Solution" , 
Oxford University Press , 202 ff. 
ieder1 and McCrea1, 1 952. U .S . Pat. 2 , 602 , 791. 
Okuda and Kuniyoshi, 1962. ~. Pharrn . Soc . Japan, 82 , 1035 . 
"""'" 
Overberger an d Kogon, 1954. 76, 1 065 . 
"""'" 
Paul and Long , 1 957 . Chern. Rev ., ~ , 1 . 
Perrin, 1 963 . Austral. ~. ~hern., 16, 572 . 
/Wl'V1 
Pfleiderer and Mosthaf? 1 957 . Chern. Ber ., ,22" 728 . 
Pietra , 1 965 . Tetrahedron Let ters , 28 , 2405 . 
""""" 
Po10novski and Schmidt? 1 950. Bull . Soc . chirn . France , 616 . 
Rabinowitz and Gurin ? 1953 . ~. Amer . Chern. Soc ., 75 , 5758 . /VO'\1-l 
Reinheimer, Taylor, a nd Rohrbaugh , 1 961 . ~. Amer . Chern . Soc., 
83 , 835 . 
/VVWI 
Robins , Furcht, Grauer , and Jones, 1 956 . :I.. Arner. Chern . Soc ., 
~, 241 8 . 
Roblin , Winneck , a nd English, 1 942. 
6 4, 567 . 
-Russell , E1ion, Fal co , a n d Hitchings, 1949. ~ . Arner. Chern . Soc., 
71, 2279 . 
I\IWY\ 
Russell and Hitch ings , 1 951. 
Sa1kowski , 1 87 4. Annalen, ~? 257 . 
Schmidt, 1 902 , Ber.,~, 1 575 . 
Sh epherd and Fedrick: 1 965 . !Qy. He t e ro c y clic Ch ern., 4. /'WV\ 
( a ) p. 177; (b) p . 300 . 
- -
-
I 
I 
120 
Snyder and Foster , 1954. ,;[. Amer . Chern . Soc ., Jj.., 11 8 . 
Stempel, Brown , and Fox , 1963. Abstracts 145th. Meeting 
Amer. Chern. Soc ., New York, Sept . 1 963 , p. 14-0. 
Taft and Shepherd , 1962. ,;[. Medecin . Pharmaceut. Che rn., 
.~, 1335. 
Taylor and Baker , 1 945 . in "Sidgwick1s Organic Chemistry 
of itrogen" , Oxford Universi ty Press, 1 959 , p . 34 . 
Taylor and Thompson, 1961 . ,;[. Org . Chern., 26 , 5224 . 
/IfWW\ 
Ulbricht , 1961. ,;[. Chern. Soc ., 3345 . 
Van der P1as and Guertsen, 1964 . 
27, 2093. 
MW\ 
Tetrahedron Letters , 
"". a1 e t zky , 1951. U . S . Pat. 2,543,748. 
Weiss, Robins, and Noell, 1960. ~. Org. Chern., 25, 765 . 
-- J\'IM1 
Wiber g , Shryne, and Kintner, 1 957 . ,;[. Amer . Chern. Soc ., 
79 , 3160. 
"""'" 
lvindus and Shi1dneck 9 1943. in "Organic Syntheses" , 
Co lI. Vol. II , Wiley, ew York, p. 345 . 
I. 
I 
viii 
APPENDIX 1. 
INDEX OF PREPARATIONS New comp ounds are underlined. 
Name of compound . Page 
5-Bromo-2 -butylaminopy rimidine. 99 
5-Bromo- 2-t-butylaminopy rimidine . 99 
5-Bromo-4-butylaminopyrimidine, and picrate . 100 
5-Bromo-4-t-butylaminopyrimidine, and picrate . 100 
5-Bromo-l,2-dihydro-l-methyl-2-oxopyrimidine. 107 
107 
! 
5 - Bromo-l , 6 -dihydro-l-methyl-6-oxopyrimidine. 
5-Bromo-2-mercaptopyrimidine . 94 I 
5-Bromo-4 -mercaptopyrimidine . 95 
5 -Br omo - 2-methoxypyrimidine . 93 
5-Bromo-4-methoxypyrimidine . 94 
5-Bromo - 2-methylthiopyrimidine . 94 
5-Bromo-4-methylthiopyrimidine. 95 
2-Butoxypyrimidine. 87 
2-s-Butoxypyrimidine. 87 
I; 
Ii 2-Butylaminopyrimidine , and picra t e . 97 
4-Butylaminopyrimidine, a nd picrate. 98 
4-t-Butylaminopyrimidine . 98 
2-Butylamino-4-m thylpyrimidine, and picrate. 99 
2-Butylamino-5-ni tropy rimidine . 101 
2-t-Butylamino-5-nitropyrimidine. 101 
l-Butyl-l, 2-dihydro-2~xopyrimidine. 102 
l- s-~utyl- l, 2-dihydro-2-oxopyrimidine . 102 
ix 
l-t-Buty!-1,2-dihydro-2-oxopyrimidine, and picrate . 
2-Ethoxypyrimidine. 
l-Ethyl-l,2-dihydro - 2-oxopyrimidine, a nd picrate . 
2-Ethylthiopyrimidine. 
4-Ethylthiopyrimidine, and picrate . 
102 
87 
103, 105 
89 
90 
1,2-Dihydro-l- isobutyl-2-oxopyrimidine . 103 
1,2-Dihydro-l-isopropyl -2-oxopyrimidine , and picrat e. 104 
1,2-Dihydro-l-methy l-2-oxopyrimidine. 104 
1, 6 -Dihydro-l-methyl - 6 -oxopyrimidine . 106 
1,2-Dihydro-l,4-dimethyl-2-oxopyrimidine . 106 
1,2-Dihydro- l,4, 6-trimethyl-2-oxopyrimidine . 104 
1, 2 -Dihydro- 2 -oxo-l-phenylpyrimidine . 105 
1,2-Dihydro-2-oxo -l-propylpyrimidine . 105 
1,2-Dihydro-2-oxO- l-p-tolylpyrimidine. 105 
2-Isobutoxypyrimidine. 88 
2-Isopropoxypyrimidine . 88 
2-Isopropylthiopyrimidine. 89 
4-Mercapto - 2 ,6-dimethylpyrimidine. 92 
2-Mercapto-5-nit ropyrimidine. 96 
2-Methoxypyrimidin . 88 
4-Methoxypyrimidin , and picrate. 
2-Methoxy-4-methylpyrimidine, and picrate. 
2-Methoxy-4, 6 -dimethylpyrimidine, and picrate . 
4-Methoxy-2, 6-dimethylpyrimidine, and picrat e . 
2-Methoxy-5-nitropyrimidine. 
4-M thyl-2-methylthiopyrimidine. 
2,4-Dimethyl-6-m thylthiopyrimidine, and picrate. 
90 
91 
91 
92 
9 6 
9 1 
93 
x 
4, 6 -Dimethyl - 2 -methylthiopyrimidine, and ~rate. 
2-Methylthiopyrimidine. 
4-Methylthiopyrimidine , and picrate. 
2-Methylthio-5-nitropyrimidine. 
~-Pentylmorpholine, and picrate. 
2-Phenoxypyrimidine. 
2-Propoxypyrimidine. 
2-p-Tolyloxypyrimidine. 
92 
90 
90 
97 
86 
88 
88 
89 
xi 
APPENDIX 2. 
SPECTRAL CURVES. 
2-Methoxypyrimidine, and 1,2-dihydro- 1-
methyl-2-oxopyrimidine. 
2-Isopropoxypyrimidine, and 2-butylaminopyrimidine. 
4-Methoxypyrimidine, and 4-butylaminopyrimidine. 
2-Ethylthiopy rimidine, and 2-butylaminopyrimidine. 
4-Ethylthiopyrimidine, and 4-butylamL~opyrimidine . 
2-Methoxy-4-methylpyrimidine, and 
2-butylamino-4-methylpyrimidine. 
4-Methyl-2-methylthiopyrimidine , and 
2-butylamino-4-methylpyrimidL~e . 
2-Methoxy-4,6-dimethylpyrimidine, and 
2-butylamino-4,6-dimethylpyrimidine. 
4-Methoxy- 2 , 6-dimethylpyrimidine, and 
4-butylamino-2,6-dimethylpyrimidine. 
4,6-Dimethyl- 2 -methylthiopyrimidine , and 
2-butylamino-4,6-dimethylpyrimidine . 
2,6-Dimethyl-4-methylthiopyrimidine, and 
4-butylamino-2,6-dimethylpyrimidine. 
5-Bromo-2-methoxypyrimidine, and 
5-bromo-2-butylaminopyrimidine. 
5-Bromo-2 -methylthiopyrimidine , and 
5-bromo-2-butylaminopyrimidine . 
5-Bromo-4-methylthiopyrimidine, and 
5-bromo-4-butylaminopyrimidin 
5-Bromo-4-methoxypyrimidine, and 
5-bromo-4-butylaminopyrimidin • 
2-Methoxy-5-nitropyrimidine , and 
2-butylamino-5-nitropyrimidine . 
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905. Pyrimidine Reactions. Part X II .l The Thermal 
Rearrangement of 2-Alkoxypyrimidines 
By D . J. BROWN and R. V. FOSTER 
The therm al rearrangement of 2-methox ypyrimidine to l ,2-dihydro-
I _methyl_2_oxopyrimidine has been followed spectrometrically and shown t o 
be a first-order reaction . It is accelerat ed by t ertiary bases, whose efficiencies 
va ry accordin g to their basic strengths . Of the higher 2-a lkoxypyrimidines, 
only the ethoxy-, isopropoxy-, a nd s-butoxy-homologues show a ny measurable 
rea rra ngement, a nd only in the presence of base a nd above 200°. A free-
radical mech anism appears to be precluded by the very minor changes in rate 
produced by adding benzoyl peroxide or benzoquinone to the reaction mix-
tures. Eleven new 2-alkox y- and l_alkyl_l ,2_dihydro-2-oxo-pyrimidines 
are described . 
I N extending earlier studies 1 2 on the alkylamination of chloropyrimidines without solvent, 
we have noticed that the amination of methoxypyrimidines is accompanied by more 
isomerisation to N-methylated oxopyrimidines than might be expected on the basis of 
existing literature.3 To find out whether the alkylamines used were having an accelerat-
ing effect on such thermal rearrangements, we have now measured the rate of isomerisation 
for orne imple 2-alkoxypyrimidines (T) to l _alkyl_l ,2_dihydro-2-oxopyrimidines (II), first 
in the absence of amine, and then in the presence of everal trialkylamines. Tertiary 
amine were chosen to avoid competition from the amination reaction. 
The required 2-alkoxypyrimidines were conveniently prepared from 2-chloropyrimidine 
and sodium alkox ide in the appropriate alcohol, but 2-t-butoxypyrimidine could not be 
so Q1ade. Authentic samples of the corresponding N-alkyl derivatives (II) resulted either 
from treatment of 2-hydroxypyrimidine with an alkyl iodide in ethanolic sodium ethoxide 
or from primary synthe es u ing an N-alkylurea and the diacetal of malondialdehyde. 
The ultraviolet spectra of the e compounds showed that the isomerisation could be followed 
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FIGURE 2. Disappearance of 2-methox y-
pyrimidine at 150°: (A) uncatalysed; 
(B) with a 5 molar proportion of 
eth y lmorpholine; (C) with a 5 molar 
proportion of triethylamine 
spectrometrically both at 265 mf!, where 2-alkoxypyrimidine absorbed strongly but their 
N-methyl isomers had littl ab orption, and at 310 mf! where the reverse held (Figure 1). 
The rearrangement of 2_methoxypyrimidine was markedly accelerated by organic 
ba es, which were effective in the order of their basic trengths. Thus, N-ethylmorpholine 
(pJ(n 7'7) caused a fo ur-fold incre ae in rate, N-methylpiperidine (pJ(n 10·1) a twelve-fold 
increase, and triethylamine (pJ(n 10·6) a thirteen-fold increase at 150° (Table 1). It will 
be noticed that a change in molar ratio of base from the usual 5·0 to 0·5 was accompanied 
by a slight increase in rate. We see this as resulting from a higher dielectric constant 
in the reaction mixture in the absence of a solvent rather than as a concentration effect 
on the kinetics. When the higher alkoxy-homologues were heated alone, no observable 
rearrangement occurred up to 240°, and even in the presence of triethylamine at that 
temperature rearrangement was very slow at best. 2-Ethoxy-, 2-isopropoxy-, and 
and 2-s-butoxy-pyrimidine showed a progressive decrease in absorption at 265 mfJ. and an 
increase at 315 mfJ., but efforts to isolate the small percentage of N-alkylated products 
were unsuccessful. 2-Propoxy- and 2-butoxy-pyrimidine showed no such spectral changes . 
Whether base-catalysed or not, the rearrangements strictly obeyed first-order kinetics 
(Figure 2) in their early stages, in respect of both decrea e in alkoxypyrimidine (265 mfJ.) 
and increase in N-alkyl isomer (310-315 mfJ.). After 6-72 hours (according to temper-
ature) the darkening of the mixture began to interfere seriously with spectrometric readings 
especially at the longer wavelength. Rate constants and the percentage of the reaction 
on which each is based are recorded in Table 1. 
TABLE 1 
Rate constants for the thermal isomerisation of 2-alkoxypyrimidincs 
Alkoxy group • Temp. % Reaction followed 1( x 10' (sec.- I) 10 " (days) 
Methoxy ..................... 1500 t 5 3·5 23 
200 t 17 27 2·9 
150;: 12 13 6·2 
150 § 20 41 2·0 
130 10 9·7 8·3 
150 35 45 1·8 
150,-r 18 55 J.5 
200 60 300 0·3 
240 10 1 80 
240 0" 
Ethoxy ....................... . 
Propoxy .................... . 
B utoxy ...................... .. 240 0 ** 
Isopropoxy ...... ... .. ..... .. 220 8 
240 28 
s-Butoxy ...... ............ ... 220 17 
0·8 
3, 
4 
100 
27 
20 
9 240 38 9 
• Generally with a 5 molar proportion of triethylamine. t No added amine. : With N-ethyl-
morpholine. § With N-methylpiperidine. ,-r With a n 0·5 molar proportion of triethylamine . 
.. Followed for 68 hr. 
To discover whether a free-radical mechanism was involved, as suggested by Wiberg 
et al. 4 for the rearrangement of 2-methoxypyridine to 1,2-dihydro- l -methyl-2-oxopyridine, 
we repeated representative reactions in the presence of a free-radical inducer or remover. 
At 160° and without added base, 2-methoxypyrimidine rearranged at a slightly increased 
rate (ca. 1·5 times) in the presence of benzoyl peroxide, but no decrease was observed with 
benzoquinone; at higher temperatures, and in all base-catalysed rearrangements, neither 
additive had any appreciable effect. Thus, free-radicals appear to be pre luded. 
(
N 
>- JOR 
N 
(1) t:t91 Cr Ie 
N 0 
R (II) 
(III) 
(
N ~ 
I + II I 
>- J(- ... N"""N 
NO-Me OMe 
(I V) 
Whilst there is no direct evidence as to whether the thermal isomerisati n proceeds by 
an intra- or inter-molecular path, it may be significant that in all known pyrimidine cases 5 
the methyl group has migrated only to an cx- and never to a y-nitrogen atom, alth ugh such 
y-migration has been observed in other series, e.g., in the formation of 1,4-d ihydro-1-methy l-
4-oxopyridine from 4-methoxypyridine.6 In addition, Tieckelmann and his colleagues 7 
have recently discovered a formally similar a-migration in alkenyloxypyrimidines, e.g., 
(I; R = CH2'CH:CH2), and related pyridines, which appears to proceed as an ortho-
Claisen reaction. These facts could suggest a mechanism of the four-centre intramolecular 
type as proposed 8 for the transformation 9 of the methoxypyrroline (III) into its N-methyl 
isomer ; the electron-rich nitrogen atom would act as a nUcleophile, and it would account 
for the slower isomerisation of the higher homologues. similar conclusion has been 
reached for the rearrangement 10 of 2-methoxypyridine N-oxide into 1,2-dihydro-l-methoxy-
2-oxopyridine. On the other hand, an intermolecular route has been experimen tally 
proven 4 in the analogous case of 2-methoxypyridine. In addition, the well known acid II 
and alkyl halide 5 catalysis of the isomerisation as well as the base-catalysis observed in 
the present work can best be explained by an intermolecular ion-pair t ype of intermediate, 
e.g., (IV) * or (V), * a postulated 12 for the thermal rearrangement of 4-methoxypyridine. 
EXPE RIME NTAL 
Analyses were done by Dr. J. E . Fildes and her staff. Spectra were measured with a 
Shimadzu R S27 spectrophotomet er. 
Measurement of I somerisation Rate.-Samples of the a lkoxypyrimidine (ca. 0·001 mol.) 
were weighed into a short length of Pyrex glass tubing sealed at one end, and the amine (ca. 
0.005 mol.) added to each . The tubes were sealed, and heated in an oil thermostat for the 
required times. The contents of each tube were carefully washed out with absolute ethanol 
into a volumetric flask, from which suitable dilutions were made for the spectroscopic measure-
ment against a standard solution of untreated a lkoxypyrim idine. The qua nt ity of a lkoxy-
pyrimidine remaining was indicated by the relative peak heights at 265 mIL, with an appropriate 
minor correction for the absorption of the N-alkyl isomer. The first-order rate constants were 
calcula ted from the plots of log (initial concn . of a lkoxypyrimidine/observed concn. of a lkoxy-
pyrimidine) against time (as in Figure 2). 
Alkoxypyrimidines (Table 2).-A solution of 2-chloropyrimidine 13 (5· 0 g.) in the appropriate 
alcohol (50 mI.) was added with stirring to the same alcohol (50 mI.) with which sodium (1·0 g.) 
had reacted. The mixture was warmed under reflux on a steam-bath for 1 hr. a nd then cooled. 
A little solid carbon dioxide was added, a nd salts were filtered off. Distillation of the filtrate 
gave the alkoxypyrimidine. 
TABLE 2 
2-Al koxypyrimid ines 
Alkoxyl Yield 
Found (%) Requi:ed (%) 
group B. p./mm. (%) C H N Formula C H 
Methoxy * ...... 69-70°/22 78 54·2 5·8 25·0 C.H. ,0 54·5 5·5 25·4 
E thoxy . .... . ...... 77-78/20 73 57·6 6·4 22·95 C.H , ,0 58·05 6·5 22·6 
Propoxy . . . . . . . . . 92-93/22 72 60·5 7·0 20·2 C,H 10 .0 60·85 7·3 20·3 
I sopropoxy .... .. 90-91/18 75 60·85 7·1 20· 1 
Btttoxy . ..... . .. . .. 96-9 /18 72 63·6 7·7 18·7 C,H 12 r,O 63·1 7·95 I ·4 
s-Butoxy .. ... . ... 9- 90/18 63 63·1 8·0 18·8 
* Cf. M. P. V. Boarland and J. F. W. McOmie, j., 1952,3716; D. J. Brown and L. . Short, j., 
1953, 331. 
1-AlIlyl- 1,2-dihydro-2-oxopyrimidines (Table 3).-(a) 2-Hydroxypyrimidine 14 (4·8 g.) a lkyl 
iodide (0·06 mol. ), and sod ium ethoxide (from sodium, 1·15 g.) were heat ed under reflux until 
the solution was no longer a lkaline. The ethanol was distilled off , and the gummy residue 
shaken with chloroform . The extract was filtered and passed through a short column of ac tiv-
a ted a lumina . The residue from evaporation was crystallised from acetone-light petroleum . 
(b) H ydrochloric acid (20 mI. ) was added to a mixture of 1_ethoxy-1,3,3-trimethoxypropane 
(20.2 g.) and N-alkylurea (0· 12 mol.) in ethanol (50 mI.) . The mixture was set aside at 25° 
for ca. 85 hr. , after which the etha nol was removed under reduced pressure. The residue, dis-
solved in wat er , was neutra lised with dilute sodium carbona te solution , and the pyrimidine was 
extracted into chloroform. R emoval of the solvent gave the product which was recrysta llised 
as above. Its picrate recrysta llised from wat er or etha nol. 
* The charges indicated represent those being developed during the formation of the acti vated 
complex. 
TABLE 3 
l -Alky l- l ,2-dihydro-2-oxopyrimidines 
Alkyl Yield 
F ound (%) R equired (%) 
r- N r------"--------group Method M. p . (%) C H Formula C H N 
Methyl . ........ b 131- 132° * 26 54·8 5·8 25·3 C.H,N.O 54·5 5·5 25·4 
Elhyl ....... " a , b 64-65 38, 28 57 ·8 6·5 22·5 C.H ,NzO 58·05 6·5 22 ·6 
Picrale ...... 13l 40·8 3·0 C"HlI N.O, 40·8 3·1 
Propyl ......... a, b 36 20, 2.j, 60·5 7·2 20·0 C,H .oN,O 60 ·85 7·3 20·3 
I sopropyl ...... b 90 46 60·5 7·4 20·2 
Picrale ..... . 166-167 42 ·6 3·5 C .. H •• 60 , 42·5 3·6 
Bulyl ......... b 40-41 36 63·45 7·8 18·2 C,H"N.O 63·1 7·95 18·4 
s-Bulyl .. . ...... b 48-50 26 63·2 8·0 18·3 
I-Bul"I .... . .... b 131- 132 18 63·3 8·0 18·6 
Picrale ...... 150 (decamp. ) 44·0 4·1 C"H •• 60 , 44· 1 4·0 
• Cf. m . p . 125-126° and 127- 128° recorded by J. J. F ox and D . Van P ragg, j. A /JIe,'. Che", . 
Soc., 1960, 82, 486, and by D. J. B rown eJ al.,' respectively. 
1,2-Dihydro- l -methyl-2-oxopyrimidine by I somerisation .-2-Met hox ypy rimidine (1·0 g.) 
a nd trieth y la mine (4'6 g.) were heated in a sealed t ube a t 1600 for 4 h r. After r efrigera t ion , 
the solid was digested with acet one a nd t he resul t ing solution passed thro ugh a short colu m n of 
a lumina. Concentra tion a nd additio n of light petroleum gave the oxopyrimidine (0·1 g.; d . 
ca. 50% isom erisation shown b y spectrum), m . p. 130- 1310 (fro m acet o ne), undepressed 
on admixture with the m a t eria l d escribed a bove. 
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